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ABSTRACT 

Dur ing  1980 and 1981, t he  f e a s i b i l i t y  o f  us i ng  sca le  p a t t e r n s  t o  i d e n t i f y  
major component s tocks  o f  c h i  nook salmon ( ~ n c o r h y n c h u s  tshawytscha Hal baum) 
i n  t he  Yukon R i v e r  commercial ch inook salmon f i s h e r y  was i n v e s t i g a t e d .  For 
both years,  sca le  samples and sex and s i z e  da ta  were c o l l e c t e d  f rom bo th  t h e  
D i s t r i c t  1 commercial ca tch  and major  spawning t r i b u t a r i e s  throughout  t he  
Yukon R i v e r  drainage. Samples o f  kncwn o r i g i n  were pooled i n t o  t h r e e  broad 
geographic r eg ions  f o r  ana l ys i s ;  t h e  lower ,  midd le,  and upper Yukon runs .  
Nearest ne ighbor  c l a s s i f i c a t i o n  models o f  sca le  measurements were used t o  
determine t he  o r i g i n  of age 1.3 and 1.4 f i s h  i n  t h e  D i s t r i c t  1  commercial ca tch  
The D i s t r i c t  1  ha rves t  was composed mos t l y  o f  age 1.4 and 1.3 f i s h  d u r i n g  bo th  
1980 (47.5% and 47.4% r e s p e c t i v e l y )  and 1981 (76.3% and 18.1%, r e s p e c t i v e l y ) .  
Pooled age composi t ion es t imates  f o r  t h e  lower ,  midd le,  and upper Yukon runs 
were found t o  be s i g n i f i c a n t l y  d i f f e r e n t  d u r i n g  bo th  1980 and 1981. Nearest  
ne ighbor  c l a s s i f i c a t i o n  accurac ies  were cons idered m a r g i n a l l y  acceptable and 
v a r i e d  from .582 t o  .932. P o i n t  es t imates  f o r  t he  c o n t r i b u t i o n  of age 1.3 
f i s h  i n d i c a t e  t h a t  upper Yukon f i s h  predominated t he  ca tch  d u r i n g  bo th  1980 
(57.6%) and 1981 (59.0%). P o i n t  es t imates  f o r  t he  composi t ion o f  age 1 . 4  f i s h  
i n d i c a t e  t h a t  m idd le  Yukon f i s h  predominated the ca t ch  d u r i n g  bo th  1980 (70.6%) 
and 1981 (77.7%). For  both age c lasses  combined, f i s h  o f  Alaskan o r i g i n  ( i . e .  
lower  and m idd le  Yukon runs)  accounted f o r  56.6% o f  t he  1980 ca t ch  and 70.7% o f  
the  1981 catch.  



INTRODUCTION 

In 1980, a study was in i t ia ted  to  evaluate the f eas ib i l i t y  of identifying 
major component stocks of chinook salmon ( ~ n c o r h ~ n c h u s  tshawytscha Wal baum) 
i n  the Yukon River commercial chinook salmon fishery. The annual harvest of 
chinook salmon in the Yukon River i s  one of the largest  in Alaska with 
successive record catches during 1980 and 1981 of 152,788 and 157,509 f i sh ,  
respectively1. While chinook salmon are  commercially harvested throughout 
vir tual ly  the en t i r e  length of the Yukon River, most of the catch i s  taken in 
the Dis t r ic t  1 g i l l ne t  fishery which operates in the lower 101 km of the 
r iver  (Figures 1 and 2 ) .  During the period 1971 to 1981, the Distr ic t  1 f ish-  
ery sustained an annual average harvest of 71,354 chinook salmon and ranged 
from 44,585 to 99,219 f i sh .  Most of the harvest of chinook salmon in Distr ic t  
1 i s  taken in a directed fishery that  commences in early June where mostly 
g i l lne t s  of 203 and 229 mm (8 t o  9 inch) stretched mesh are  operatedz. This 
June fishery i s  commonly referred to  as  the "early" or "chinook" season. The 
remaining harvest i s  taken incidentally to  the chum (0. keta) and coho (0. 
k isutch)  salmon fishery. This f ishery,  in which g i l lne ts  of up to  152 mm (6 
inch) stretched mesh are  allowed, i s  commonly referred to as the "chum" or 
" fa l l "  season and commences in l a t e  June to  early July. 

The lower r iver  fishery harvests mixed stocks of chinook salmon destimed fo r  
spawning streams throughout the Yukon River drainage. Data from past tagging 
studies (Regnart 1964, 1966, 1967; Geiger 1968; Lebida 1969; Trasky 1973) indi- 
cate tha t  considerable mixing of stocks occurs throughout the duration of the 

' commercial fishery. Identification of major component stocks of chinook 
salmon as  they enter the lower r iver  and are  subjected to  the commercial f i sh-  
ery i s  c r i t i ca l  to achievement of optimum escapement and production fo r  each 
stock. 

In th i s  report ,  we evaluate the f eas ib i l i t y  of using scale pattern measurements 
t o  identify major component stocks of chinook salmon in the Dis t r ic t  1 commer- 
cial  catch. We chose scale pattern analysis as we believed tha t  measurable 
differences in growth character is t ics ,  as ref 1 ected in scale patterns,  would 
ex i s t  between f i sh  whose spawning and rearing s i t e s  extend over 3,218 km of 
drainage. Age composition data i s  presented for  both the Dis t r ic t  1 commercial 
fishery and major Yukon River drainage escapements, and chi-square analysis i s  
used t o  t e s t  fo r  differences in age composition among the various escapements. 
We used nearest neighbor analysis (Clover and Hart 1967) of scale patterns to  
estimate the contribution of major component stocks of chinook salmon to the 
Dis t r ic t  1 catch. Finally, recommendations are made regarding further study 
of th i s  problem. 

Preliminary data. These data are for  Alaskan commercial catches only. 

2 During th i s  fishery, there a re  no g i l lne t  mesh size res t r ic t ions  and most 
fishermen operate large mesh nets for  chinook salmon. However, some nets 
of 140 to  152 mm (5-112 - 6 inch) stretched mesh are  also operated. 



F igu re  1. Alaskan p o r t i o n  o f  t h e  Yukon R i v e r  showing t h e  Alaska r e g u l a t o r y  d i s t r i c t s .  



F igu re  2.  Canadian p o r t i o n  o f  t h e  Yukon River. 



METHODS 

Catch s t a t i s t i c s  r e p o r t e d  i n  t h i s  paper were ob ta ined  f rom p r e l i m i n a r y  t abu la -  
t i o n s  o f  i n d i v i d u a l  sa les  records  ( f i s h  t i c k e t s )  o f  ch inook salmon i n  t h e  
Yukon R i v e r  (ADF&G 1980, 1981 ) .  V i r t u a l  l y  a1 1 escapement enumerat ion data 
repo r ted  i n  t h i s  paper a r e  peak a e r i a l  survey counts  f o r  se lec ted  spawning 
streams (Bar ton  1982). The o n l y  excep t ion  a r e  escapement da ta  a t  t h e  White- 
horse Dam i n  t h e  Yukon T e r r i t o r y ,  Canada where t h e  e n t i r e  escapement i s  v i s -  
u a l l y  counted th rough a f ishway.  I t  i s  recognized t h a t  a e r i a l  survey data 
from any stream does n o t  represen t  a complete enumerat ion of escapement t o  
t h a t  stream, t h a t  t h e  p r o p o r t i o n  observed p robab ly  v a r i e s  s i g n i f i c a n t l y  between 
r i v e r s ,  and t h a t  n o t  a l l  spawning concen t ra t i ons  o f  chinook salmon w i t h i n  t h e  
Yukon R i v e r  d ra inage  a r e  surveyed. 

Age Composit ion 

Examinat ion o f  s c a l e  samples p rov ided  age i n f o r m a t i o n  o f  f i s h  i n  t he  c a t c h  and 
escapement. Samples were c o l l e c t e d  on t h e  l e f t  s i de  o f  t h e  f i s h  approx imate ly  
two rows above t h e  l a t e r a l  l i n e  and on t h e  d iagonal  row downward f rom t h e  
p o s t e r i o r  i n s e r t i o n  of t h e  do rsa l  f i n  ( INPFC 1963). Scales were mounted on 
gum cards and impress ions were made i n  c e l l u l o s e  ace ta te  ( C l u t t e r  and Whi tese l  
1956). Ages were recorded i n  European3 n o t a t i o n .  

Catch : 

" Scale samples were c o l l e c t e d  from t h e  commercial ca t ch  f o r  each f i s h i n g  p e r i o d  
d u r i n g  t h e  ch inook salmon season and an age composi t ion was computed f o r  each 
p e r i o d  catch.  An a t t emp t  was made t o  c o l l e c t  a minimum o f  210 samples f o r  
each f i s h i n g  pe r i od .  Chinook salmon catches made d u r i n g  t h e  f a l l  season were 
r e l a t i v e l y  smal l  and samples were c o l l e c t e d  i n c i d e n t a l l y  t o  chum salmon samples. 
Therefore,  samples d u r i n g  t h e  f a l l  season were pooled t o  o b t a i n  a minimum 
sample s i z e  o f  200 f i s h  and age composi t ions were computed f o r  each o f  these  
pooled samples. Summaries f rom which these age computat ions were ob ta i ned  
(ADF&G 1980, 1981) o n l y  r ep resen t  mar ine ages as a l l  f i s h  were assumed t o  have 
one f reshwater  annulus. 

Escapement : 

Scale samples were c o l l e c t e d  f rom t h e  l a r g e r  chinook salmon spawning concentra-  
t i o n s  (as determined from a e r i a l  survey da ta )  throughout  t h e  Yukon R i v e r  d r a i n -  
age and an age composi t ion was computed f o r  each r i v e r  t h a t  was sampled. 
V i r t u a l l y  a l l  samples were c o l l e c t e d  f rom carcasses ob ta ined  by sampl ing 
streams d u r i n g  t h e  p e r i o d  o f  peak spawner d i e - o f f .  Dur ing  1980, t he  t i m i n g  
o f  these sampl ing t r i p s  was c o n s i s t e n t l y  l a t e  and r e l a t i v e l y  few samples were 
c o l l  ected. Conversely,  the t i m i n g  o f  t h e  sampl i n g  t r i p s  d u r i n g  1981 co inc ided  

3 European fo rmu la :  Numerals preceding t h e  decimal r e f e r  t o  t h e  number o f  
f reshwater  a n n u l i ,  numerals f o l l o w i n g  t h e  decimal a r e  t h e  number o f  mar ine 
a n n u l i  . T o t a l  age i s  t h e  sum o f  these two numbers p l u s  1. 
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w i t h  peak d ie-of f  and adequate samples were c o l l e c t e d .  Sampl i n g  of t he  
Andreafsky R i v e r  s tock  du r i ng  1981 and t h e  Anvik ,  Salcha, and Chena R i v e r  
(F i gu re  1 )  s tocks  d u r i n g  1980 and 1981 was accompl i shed  th roughout  t h e  dura- 
t i o n  o f  t h e  d i e -o f f .  F i s h  pass ing  th rough t h e  Whitehorse f i shway  (F igu re  2 )  
d u r i n g  1981 were c o l l e c t e d  by d ip -ne t ,  anesthet ized,  and sampled. An a t tempt  
was made t o  sample 20% o f  each days ecapement. 

Samples o f  known o r i g i n  were pooled i n t o  t h r e e  broad geographic reg ions  f o r  
ana l ys i s ;  t h e  lower,  midd le,  and upper Yukon R iver .  It was necessary t o  pool  
t h e  escapement samples because t h e  l a r g e  number o f  spawning streams th roughout  
t h e  Yukon R i v e r  dra inage p rec ludes  i d e n t i f i c a t i o n  o r  management o f  each s tock.  
I n  t h e  remainder of t h i s  paper, we r e f e r  t o  these geographica l  groupings as 
runs  and they  a r e  de f i ned  as f o l l o w s :  

1 ) The lower  Yukon run  i s  comprised o f  samples f rom t h e  Andreafsky, 
Anvi k, and Nu la to  R i ve rs  (F igu re  1 ) . 

2) The m idd le  Yukon run  i s  comprised o f  samples f rom t h e  Salcha and 
Chena R i ve rs  ( i  .e., Tanana R i v e r  dra inage) .  

3) The upper Yukon r u n  (F igu re  2) i s  comprised o f  samples f rom t h e  B i g  
Salmon, L i t t l e  Salmon, Tachun, P e l l y ,  and T e s l i n  R ivers ;  and escape- 
ment p a s t  t h e  Whitehorse Dam (i .e., spawning t r i b u t a r i e s  i n  Canada's 
Yukon T e r r i t o r y ) .  

Samples f r om i n d i v i d u a l  spawning streams w i t h i n  each r u n  were pooled t o  form a' 
composite p r o p o r t i o n a l  t o  t h e i r  c o n t r i b u t i o n  t o  t h a t  r u n  as measured by a e r i a l  
survey data.  

Chi-square a n a l y s i s  was used t o  determine i f  s i g n i f i c a n t  d i f f e r e n c e s  i n  age 
composi t ion e x i s t e d  w i t h i n  or between t he  lower,  middle,  and upper Yukon runs.  
D i f f e rences  w i t h i n  each run  were measured by c h i  -square comparisons o f  age 
composi t ion data from t h e  major  escapements w i t h i n  each run.  D i f f e rences  
between runs were measured by ch i -square comparisons o f  pooled age composi t ion 
data f r om each run.  

Run I d e n t i f i c a t i o n  

Est imates o f  t h e  c o n t r i b u t i o n  o f  t h e  lower ,  middle,  and upper Yukon runs  t o  
t h e  D i s t r i c t  1 c o m e r c i a l  ca tch  were made us ing nea res t  ne ighbor  a n a l y s i s  o f  
sca le  p a t t e r n s .  Because o f  t h e  dominance o f  age 1.3 and 1.4 f i s h ,  we l i m i t e d  
our  a n a l y s i s  t o  these age c lasses.  

Scal e Measurements : 

Scale impress ions were magn i f i ed  t o  100 power and p r o j e c t e d  on to  a d i g i t i z i n g  
t a b l e t  us i ng  equipment s i m i l a r  t o  t h a t  descr ibed  by Ryan and C h r i s t i e  (1976). 
Data r e c o r d i n g  on to  computer d i s k e t t e s  f rom t h e  d i g i t i z e r  t a b l e t  was under 
the  c o n t r o l  o f  a FORTRAN program execu t ing  on a microcomputer. Measurements 
were taken a long  an a x i s  approx imate ly  20 degrees o f f  t he  p r imary  sca le  a x i s ,  
t h i s  a x i s  i s  pe rpend i cu la r  t o  the  scu lp tu red  f i e l d .  The d i s tance  was measured 
between each c i r c u l u s  i n  each o f  t h r e e  sca le  p a t t e r n  zones. The zones were as 



follows: ( 1 )  scale focus t o  the outside edge of the freshwater annulus, (2) 
outside edge of the freshwater annulus to  the l a s t  circulus of the plus 
growth, and (3) the l a s t  circulus of the plus growth zone to  the outer edge 
of the f i r s t  ocean annulus (Figure 3) .  For samples collected in 1981, the 
incremental distance of successive scale pattern zones was also measured as  
follows: (1) the l a s t  circulus of the f i r s t  ocean annulus to  the outer edge 
of the second ocean annulus, and ( 2 )  the l a s t  circulus of the second ocean 
annulus to  the outer edge of the third ocean annulus (age 1.4 f i sh  only). A 
s e t  of 11 variables was then computed fo r  each of the f i r s t  three zones while 
only one variable was computed f o r  each of the l a s t  two zones (Table 1 ) .  

Analytical Procedures: 

Nearest neighbor analysis (Clover and Hart 1967) of scale pattern data was 
used to  identify the origin of chinook salmon harvested in the Dis t r ic t  1 
fishery. Nearest neighbor analysis was selected fo r  th i s  c lassif icat ion as 
the technique i s  nonparametric ( i  .e.  i t  requires no underlying assumptions 
concerning population parameters). We used the computational routines of the 
FORTRAN program ARTHUR (Duewer e t  a1 . 1975) fo r  the nearest neighbor analysis 
in th i s  study. 

Selection of a subset of scale variables for  inclusion in the nearest neighbor 
model was made by offering a l l  variables to  the selection procedures available 
in ARTHUR. These procedures removed correlations,  evaluated the usefulness of 
each variable (by Fisher weighting), and ranked them in order of the i r  u t i l i t y .  
The Fisher weights of these ranked variables were then subjectively examined 
to determine those variables for  inclusion in the model in order to  obtain the 
highest possible classif icat ion accuracy. Subsequent analysis was then 1 imi ted 
the these top selected variables. This procedure was evaluated by calculating 
the accuracies of a seriesof nearest neighbor model s for  the 1981 age 1.3 
samples using a stepwise procedure for  selecting the ranked variables. 

Estimates of the proportions of age 1.3 and 1.4 f i sh  originating from the 
lower, middle, and upper Yukon runs were made by classifying scale pattern 
data obtained from a sample of the commercial catch during each fishing period. 
Point estimates were corrected for  misclassification error rates  using the 
procedure of Cook and Lord (1978). The variance and 90% confidence interval s 
f o r  these estimates were computed using the procedures of Pella and Robertson 
(1979). A catch sample was reclassified with a model representing fewer runs 
i f  the final proportion estimate was less  than or  equal to  zero for  the run in 
question. 

1980 Analysis: 

A 3-way stock identification model was constructed from age 1.3 scale measure- 
ments representing the lower, middle, and upper Yukon runs. Because of the 
1 imi ted sample s ize (N=73) from the lower Yukon run and the requirement fo r  
equal sample s izes ,  we limited th i s  analysis to 73 scale samples from each run. 
In addition, the extremely small number of available samples fo r  age 1.4 f i sh  
from the lower (N=28) Yukon run precl uded a 3-way model for  t h i s  age class.  
Therefore, we pooled a1 1 available samples from the lower (N=28) and middle 
(N=81) Yukon runs fo r  a 2-way model of Alaskan and Canadian Yukon runs. 



Figure 3 .  Age 1 . 4  chinook salmon sca le  showing the zones measured for  
nearest neighbor analys is .  



Table 1 .  Va r i ab l es  computed from sca le  p a t t e r n s  f o r  i n c l u s i o n  i n  t h e  
neares t  ne ighbor  a n a l y s i s .  

V a r i a b l e  Name D e s c r i p t i o n  

LMAX ( i ) 

- - 

Number of c i r c u l i  i n  zone ( i ) .  

Measured s i z e  of zone ( i  ) .  

D is tance  f rom t h e  beg inn ing  o f  zone ( i )  t o  t h e  
second c i r c u l u s  o f  zone ( i ) .  

D is tance  f rom t h e  beginn ing o f  zone ( i )  t o  t h e  
f o u r t h  c i r c u l u s  of zone ( i ) .  

D is tance  f rom t h e  beg inn ing  o f  zone ( i )  t o  t h e  
s i x t h  c i r c u l u s  of zone ( i ) .  

D is tance  f rom t h e  beg inn ing  o f  zone ( i )  t o  t h e  
e i g h t h  c i r c u l u s  o f  zone ( i ) .  

D is tance  between t h e  two c l o s e s t  c i r c u l i  i n  
zone ( i ) .  

The maximum d i s t a n c e  between two c o n t i g i o u s  
c i r c u l i  i n  zone ( i ) .  

The d i s t a n c e  f rom t h e  beginn ing o f  t h e  zone ( i )  
t o  t h e  f i r s t  c i r c u l u s  o f  v a r i a b l e  M I N ( i )  i n  
zone ( i ) .  

The d i s t a n c e  from t h e  beg inn ing  of zone ( i )  t o  
t h e  f i r s t  c i r c u l u s  o f  v a r i a b l e  MAX(i) i n  zone 
( i ) .  

The number o f  c i r c u l i  i n  t h e  f i r s t  h a l f  o f  zone 
0 ) .  



We c l a s s i f i e d  c a t c h  samples f rom each p e r i o d  and age c l ass  d u r i n g  the  chinook 
salmon season (pe r i ods  1 -5 ) ,  and pooled samples from per iods  6-7 and pe r i ods  
8-21. 

1981 Ana lys is :  

Three-way s tock  i d e n t i f i c a t i o n  models were cons t ruc ted  f rom bo th  age 1.3 and 
1.4 sca le  measurements rep resen t i ng  t h e  lower,  midd le,  and upper Yukon runs.  
Small e r  sample s i zes  1 i m i  t e d  t h e  age 1 .3 model t o  150 samples f rom each r u n  
w h i l e  t h e  age 1.4 model was composed of 200 samples f r om each run. Samples 
f r om i n d i v i d u a l  spawning streams w i t h i n  each run  were i nc l uded  i n  t h e  model 
r e l a t i v e  t o  t h e i r  c o n t r i b u t i o n  t o  t h a t  r u n  as measured by a e r i a l  survey data.  
A1 1 age 1.4 samples f o r  t h e  upper Yukon r u n  were ob ta ined  f r om t h e  Dawson City 
commercial ca tch .  Th i s  f i s h e r y  occurs downstream f rom t h e  major  spawning tri b- 
u t a r i e s  i n  t h e  Canadian Yukon T e r r i t o r y  and takes p l a c e  throughout  t h e  d u r a t i o n  
o f  t h e  run. We f e l t  t h a t  these samples would p rov ide  b e t t e r  r ep resen ta t i on  of 
t h e  upper Yukon r u n  than  the poo led  escapement samples. Because o n l y  30 usab le  
age 1.3 samples were ob ta ined  f r om the  Dawson City f i s h e r y ,  we used age 1.3 
escapement samples as p r e v i o u s l y  descr ibed. L i m i t e d  sample s i zes  a l s o  r e q u i r e d  
t h a t  we pool  c a t c h  samples from age 1.3 f i s h  f o r  t he  pe r i ods  1-2, 3-5, 6-7, and 
8-19. These mixed s tock  samples a l s o  i n c l u d e d  a11 a v a i l a b l e  samples f r om ADF&G 
t e s t  f i s h i n g  p r o j e c t s 4  a t  t he  Yukon R i v e r  mouth. We c l a s s i f i e d  commercial 
ca t ch  samples f r o m  age 1.4 f i s h  f o r  each p e r i o d  d u r i n g  t h e  ch inook salmon sea- 
son (pe r i ods  1-5), p e r i o d  6, and pooled samples ' f rom pe r i ods  7-19. 

RESULTS 

Age Composi t i on 

We computed t he  age composi t ion o f  t h e  1980 and 1981 D i s t r i c t  1 harves t  by 
a p p l y i n g  age composi t ion da ta  f o r  each p e r i o d  f o r  bo th  t h e  ch inook salmon 
season and t h e  f a l l  season (Appendix Tables 1-4) t o  t h e  a c t u a l  ca t ch  f o r  t h a t  
p e r i o d  (Appendix Tables 5 and 6) .  S i m i l a r l y ,  we computed an age composi t ion 
f o r  each run  by we igh t i ng  age composi t ion data f rom se lec ted  t r i b u t a r i e s  f o r  
t h e  lower ,  midd le,  and upper Yukon R i v e r  (Appendix Tables 7-12) by a e r i a l  sur -  
vey es t imates  o f  abundance (Appendix Table 13). 

Catch: 

I n  1980, t h e  D i s t r i c t  1 ha rves t  o f  87,871 chinook salmon (Tab le  2) was composed 
mos t l y  o f  age 1.4 (47.5%) and 1.3 f i s h  (47.4%) f o l l o w e d  by age 1.2 (3.4%) and 
age 1.5 f i s h  (1.7%). I n  1981, t h e  D i s t r i c t  1 ha rves t  o f  99,219 chinook salmon 
(Table 3) was composed mos t l y  o f  age 1.4 f i s h  (76.3%) fo l lowed by age 1.3 (18.1%), 
age 1.2 (3.4%), and age 1.5 f i s h  (2.2%). Dur ing bo th  years,  t he  percentage o f  

ADF&G conducts t e s t  f i s h i n g  p r o j e c t s  i n  t h e  Yukon R i ve r  d e l t a  t o  index  
t h e  t i m i n g  and magnitude o f  t h e  salmon m i g r a t i o n  e n t e r i n g  t h e  Yukon R iver .  
Tes t  f i s h i n g  i s  conducted c o n c u r r e n t l y  w i t h  t h e  commercial f i s h e r y  and 
samples c o l l e c t e d  f rom these p r o j e c t s  a l s o  represen t  f i s h  o f  unknown o r i g i n  
i n  D i s t r i c t  1. 



- 
Table  2. Numbers by  age c l a s s  o f  chinook salnlon i n  t he  comnercial  ca tches by pe r iod .  D i s t r i c t  1. Yukon R ive r ,  1980. 

1.2 1.3 1.4 1.5 Pe r iod  
Per iod  Dates N No. % No. % No. % No. % T o t a l  

1 6 /9  - 6 1 1 0  187 36 1 5.3 3.170 46.5 3.210 47.1 75 1.1 6,816 
2 6/12 - 6/14 190 238 1.0 11,267 47.4 12,147 51.1 119 0 .5  23,771 
3 6/16 - 6/17 182 161 1.1 7,559 51.7 6,507 44.5 395 2.7 14.622 
4 6 / 1 9 - 6 / 2 1  184 131 0.5 12,086 46.2 13,368 51.1 576 2.2 26.161 
5 6/23 - 6/24 189 0 0 1,970 43.9 2,328 51.9 189 4.2 4,487 

Chinook Saln~on Season 932 891 1.2 36.052 47.5 37,560 49.5 1,354 1.8 75,857 

6-7 6/26 - 7/1  21 9 1,204 18.3 3,092 47.0 2,223 33.8 59 0.9 6.578 
8 , 7/2 - 714 165 489 15.1 1.533 47.3 1,122 34.6 97 3.0 3,241 

9-21 7/7 - 8/19 78 395 18.0 1,012 46.1 788 35.9 2,195 
Fa1 1 Season 462 2.088 17.4 5.637 46.9 4,133 34.4 156 1.3 12,014 

T o t a l  1,394 2,979 3.4 41,689 47.4 41,693 47.5 1,510 1.7 87.87 1 

Unweighted samples front pe r iods  6 (N = 33) and 7 (N = 186).  
2 Unweighted sanlples f rom pe r iods  9 (N = 72), 14 (N = 5).  and 16 (N = 1) .  

1 
A 

0 
I 



Table 3. Numbers by age c l a s s  o f  chinook salmon i n  t h e  commercial ca tches by pe r iod ,  D i s t r i c t  1. Yukon R ive r ,  1981. 

Sample 1.2 1.3 1.4 __ 1.5 Per iod  
Per iod  Dates S ize No. % No. % No. % No. % To ta l  

1 615 - 616 185 56 0 .5  2,223 20.0 8.593 77.3 245 2.2 11.117 
2 618 - 619 189 0 0 3,888 24.9 11,571 74.1 156 1 .O 15,615 
3 6/11 - 6/12 177 8 7 0.6 3,027 20.9 11,123 76.8 246 1.7 14,483 
4 6/15 - 6/16 191 183 1.0 2,215 12.1 15.339 83.8 567 3.1 18,304 
5 6/18 - 6/19 190 4 56 1.6 4,363 15.3 22,958 80.5 742 2.6 28.519 

Chinook Salmon Season 932 782 1.0 15.716 17.8 69,584 79.0 1,956 2.2 88,030 

1 6/22 - 6/23 182 570 13.7 640 15.4 2.831 68.1 116 2.8 4,157 
7-19 6/25 - 8/18 197 2,002 28.5 1 ,602 22.8 3,315 47.2 105 1.5 7.024 
F a l l  season 379 2,572 23.0 2.242 23.0 6,146 55.0 221 2.0 11,181 

T o t a l  1,329 3,354 3.4 17,958 18.1 75.730 76.3 2,177 2.2 99.219 

--1 

---1 
1 

I 
Unweighted san~ples from pe r iods  7(N = 106). 8 (N = 40).  9 (N = 3). 10 (N = l o ) ,  11 (N = 17), and 12 (N = 21).  



age 1.4 f i s h  was l e s s  du r i ng  t he  f a l l  season than d u r i n g  t h e  chinook salmon 
season. Conversely,  t he  percentage of age 1.2 f i s h  increased between t he  
same t ime  per iods .  No temporal changes i n  age composi t ion were observed 
w i t h i n  t h e  ch inook salmon season o r  f a l l  season. 

Escapement : 

The age composi t ion es t imates  f o r  t h e  runs  t o  t he  lower,  midd le,  and upper 
Yukon (Tables 4 and 5 )  were found t o  be s i g n i f i c a n t l y  d i f f e r e n t  (a = .005) i n  
bo th  1980 (Table 6)  and 1981 (Table 7 ) .  S i g n i f i c a n t  d i f f e r e n c e s  i n  age compo- 
s i t i o n  were a l s o  found w i t h i n  t h e  runs  t o  the  midd le  and upper Yukon runs i n  
1981 b u t  t h i s  v a r i a b i l i t y  was much l e s s  than between t h e  runs .  No s i g n i f i c a n t  
w i t h i n - r u n  v a r i a b i l i t y  i n  age composi t ion was found i n  1980. 

S i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  age composi t ion between runs  was due p r i m a r i l y  
t o  d i f f e r e n c e s  i n  ocean age. Dur ing  b o t h  years,  the percentage o f  age 1.2 
and 1.3 f i s h  p r o g r e s s i v e l y  dec l i ned  f r om the  lower  t o  upper Yukon runs  (F igures  
4 and 5 ) .  Conversely,  t h e  percentage o f  age 1.4 f i s h  inc reased  f rom the  lower  
t o  t h e  upper Yukon runs. The secondary reason f o r  t h e  s i g n i f i c a n t  d i f f e rences  
i n  age composi t ion between runs  i s  t h a t  2- f reshwater  age f i s h  were found i n  s i g -  
n i f i c a n t  numbers i n  o n l y  t h e  upper Yukon. 

Run I d e n t i f i c a t i o n  

For bo th  age c lasses  and years,  t he  incrementa l  d i s t ance  ( ID2)  and number o f  
c i r c u l  i (NC2) i n  t he  freshwater p l  us growth zone increased f r o m  the  lower  t o  

: upper Yukon runs  (Tables 8-11),  Conversely,  I D  and PIC i n  t h e  zone o f  t h e  f i r s t  
marine y e a r ' s  growth ( i  .e., Zone 3) d e c l i n e d  f rom the  lower  t o  upper Yukon runs.  
The mean va lue  f o r  most of t h e  o t h e r  v a r i a b l e s  f rom the  midd le  Yukon samples 
was i n te rmed ia te  between t h e  lower  and upper Yukon run  samples. 

Va r i ab le  S e l e c t i o n  Procedure: 

Choosing t h e  optimum subset f o r  v a r i a b l e s  f o r  i n c l u s i o n  i n  p a t t e r n  r e c o g n i t i o n  
s tud ies  r e q u i r e s  t h a t  a l l  p o s s i b l e  combinat ions o f  t h e  a v a i l a b l e  v a r i a b l e s  be 
eva lua ted  w i t h  t h e  c l a s s i f i c a t i o n  r u l e .  The optimum subset i s  h a t  group 

3 & which p rov ides  t h e  b e s t  accuracy. Because t he re  a r e  8.68 x 10 p o s s i b l e  
subsets o f  33 v a r i a b l e s  ( 3  zones w i t h  7 7  v a r i a b l e s  computed f o r  each zone), 
de te rm ina t i on  of t h e  optimum subset i s  u n r e a l i s t i c .  We, t h e r e f o r e ,  decided t o  
p l o t  F i s h e r  weights  o f  ranked v a r i a b l e s  i n  o rder  t o  judge t h e  r e l a t i v e  c o n t r i -  
b u t i o n  o f  each v a r i a b l e  and exc lude those which d i d  n o t  appear t o  add s i g n i f i -  
can t  d i s c r i m i n a t o r y  power. The 1981 age 1.3 data base was a r b i t r a r i l y  chosen 
t o  eva l  u a t e  t h i  s procedure. 

The p l o t  o f  t h e  ordered v a r i a b l e s  (F igu re  6) shows a s i g n i f i c a n t  decrease i n  
t he  d i s c r i m i n a t o r y  Fewer o f  v a r i a b l e s  en te red  a f t e r  t h e  f i r s t  step. A second 
though much sma l le r  decrease i n  F i she r  we igh t  values was observed between t h e  
f o u r t h  and f i f t h  v a r i a b l e .  Based upon t h e  abso lu te  and r e l a t i v e  va lue  o f  F i she r  
weights  f o r  v a r i a b l e s  a f t e r  t he  f o u r t  [ ID (1 ) ] ,  we judged t h a t  i n c l u s i o n  o f  any 
o f  t h e  o t h e r  v a r i a b l e s  would n o t  s i g n i f i c a n t l y  inc rease  c l a s s i f i c a t i o n  accuracy, 
and m igh t  a c t u a l l y  decrease accuracy. By computing c l a s s i f i c a t i o n  accuracy o f  
models which i nc l uded  t h e  f i r s t  two v a r i a b l e s  se lected,  t he  f i r s t  t h r e e  and so 



Table 4. Age composi t ion o f  ch inook salmon escapements, weighted by a e r i a l  survey data,  Yukon R i ve r ,  1980. 

Escapement Percent  Age Composit ion 
Loca t i on  N Count 1.2 1.3 2.3 1.4 2.4 1.5 

Lower 
T d r e a f s k y  R i ve r  67 2,458 23.9 56.7 

Anvi k R i v e r  8 3 1,330 24.1 50.6 
Nu la to  R i v e r  2 1 1,323 19.0 38.1 

To ta l  171 5,111 22.7 50.3 23.4 3.6 

Middle 
Salcha R i ve r  
Chena R i v e r  6 1 2,541 23.0 49.2 1.6 26.2 

I 

W 
I T o t a l  3 54 9,298 19.2 45.9 0.7 32.9 1.3 

Upper 
Tatchum Creek 7 222 14.3 28.6 57.1 
B i g  Salmon R i ve r1  128 1,854 3.1 39.8 55.5 0.8 0.8 
T e s l i n  R iver2  109 2,272 0.9 41.3 0.9 49.5 3.7 3.7 

- 

To t a  1 244 4,348 2.5 40.0 0.5 52.4 2.3 2.3 

l Inc ludes  L i t t l e  Salmon R iver .  
2 Inc ludes  N i s u t l i n ,  Wolf, Morley,  S w i f t ,  Jennings, and Gladys R ivers .  



Table  5. Age compos i t ion  o f  ch inook salmon escapements, weighted by a e r i a l  survey data ,  Yukon River ,  1981. 

Escapement 
Loca t i on  N Est imate  

Percent Age Composit ion 
1.1 1.2 0.4 1.3 2.2 1.4 2.3 

Lower 
A n d r e a f s k y  R i v e r  297 2,377 

Anv ik  R i ve r  263 807 
Nula to  R i ve r  41 791 

To ta l  601 3,975 9.6 34.8 - 54.4 1.7 

Midd le  
Salcha R i v e r  4 90 1,237 6.3 
Chena R ive r  105 600 1.0 1 . O  

I Upper 
A Tatchun Creek 46 
I L i t t l e  Salmon R. 205 

B i s  Salmon R. 529 
~ i i u t l i n  R i v e r  270 
S w i f t  R i ve r  123 
Ross R ive r  288 
Whitehorse Dam 233 

To ta l  1,694 7,067 1.2 0.1 17.9 0.1 78.2 0.4 1.3 0.7 0.1 -- 
I I n  o rde r  t o  make t h e  1,539 f i s h  counted a t  t h e  Whitehorse Fishway comparable t o  o the r  a e r i a l  survey es t imates ,  an approx imat ion  was made o f  t h e  

number o f  f i s h  t h a t  would have been seen by a e r i a l  survey us ing  data  c o l l e c t e d  i n  1980: ( a e r i a l  survey es t ima te  o f  M i c h i e  Creel: i n  19&0/Fishway 
count  i n  1980) = 535/1 ,383 = .387, 1981 : .387 x 1,539 = 595. 



Table 6. V a r i a b i l i t y  o f  escapement age ~ 0 m p 0 ~ i t i 0 n  es t imates  as e s t i m t e d  
through ch i -square ana l ys i s ,  Yukon R iver ,  1980. 

Areas Sample Ca lcu la ted  
Compared S ize  Chi -square 

Andreaf s ky R i ve r  

Anv i  k R i v e r  

Chena R i ve r  
Salcha R i ve r  

B ig  Salmon R i v e r  

N i s u t l i n  R i ve r  

Lower l 

  id dl e 

Upper 244 82.1 **** 
I 

**** S i g n i f i c a n t l y  d i f f e r e n t  a t  a = .005 

Pooled samples, weighted by a e r i a l  survey data,  f rom t h e  Andreafsky, Anvik,  
and Nu la to  R ivers .  

2 Pooled samples, weighted by a e r i a l  survey data,  f rom t h e  Salcha and Chena 
R i ve rs .  

3 Pooled samples, weighted by a e r i a l  survey data,  f rom t h e  Tatchun, B i g  
Salmon, L i t t l e  Salmon, N i s u t l  i n ,  and S w i f t  R ivers .  



Table 7. V a r i a b i l i t y  o f  escapement age composi t ion es t imates  as es t imated  
th rough ch i -square ana l ys i s ,  Yukon R iver ,  1981 . 

Areas Sampl e Ca lcu la ted  
Compared S ize  Chi-square 

Andreafsky 
Anvi  k 

C hena 
Sal cha 

L i t t l e  Salmon 
B ig  Salmon 
N i  s u t l  i n 
Ross 
Whitehorse 

Lower 
M idd le  ' 
Upper 

** S i g n i f i c a n t l y  d i f f e r e n t  a t  a = .05 
f 

JC** S i g n i f i c a n t l y  d i f f e r e n t  a t  a = .O1 **** S i g n i f i c a n t l y  d i f f e r e n t  a t  a = .005 

Pooled samples, weighted by a e r i a l  survey data, f rom t h e  Andreafsky, 
Anv ik ,  and Nu la to  Rivers .  

2 Pooled samples, weighted by a e r i a l  survey data,  f rom t h e  Salcha and 
Chena R ivers .  

Pooled samples, weighted by a e r i a l  survey data, f rom t h e  Tatchun, L i t t l e  
Salmon, B i g  Salmon, N i s u t l i n ,  S w i f t ,  and Ross R i ve rs  and t h e  Whitehorse 
f ishway. 
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Tab le  8. Groups means, s tandard dev ia t i ons ,  one-way a n a l y s i s  o f  va r i ance  F - t es t ,  
and p r o b a b i l i t y  f o r  e q u a l i t y  of group means f o r  sca le  v a r i a b l e s  measured 
from age 1.3 ch inook salmon sampled a t  se lec ted  lower,  m idd le  and upper 
Yukon R i v e r  s i t e s ,  1980. 

Lower - 
V a r i a b l e  x s 

M idd le  
- 
X S 

Upper - 
X S 

F 
Value P r o b a b i l i t y  

TWO 1 
FOUR 1 
SIX 1 
EIGHT 1 
MAX 1 
M I N  1 
LMAX 1 
LMIN 1 
NC 1 
I D  1 
NCH 1 

TWO 2 
FOUR 2 
S I X  2 
EIGHT 2 
MAX 2 
MIN 2 
LMAX 2 
LMIN 2 
NC 2 
I D  2 
NCH 2 

TWO 3 
FOUR 3 
S I X  3 
EIGHT 3 
MAX 3 
M I N  3 
LMAX 3 
LMIN 3 
NC 3 
I D  3 
NCH 3 

Sample S ize  7 3 90 89 



Tab le  9. Groups means, standard d e v i a t i o n s ,  one-way a n a l y s i s  o f  va r iance  F - t es t ,  
and p r o b a b i l i t y  f o r  e q u a l i t y  of  group means f o r  sca le  v a r i a b l e s  measured 
f rom age 1.4 ch inook salmon sampled a t  se lec ted  lower,  m idd le  and upper 
Yukon R i ve r  s i t e s ,  1980. 

Lower M idd le  Upper F  - - - 
Va r i ab le  x s x s x s Value Probabi 1  i t y  

TWO 1  
FOUR 1  
S I X  1  
EIGHT 1  
MAX 1  
MIN 1  
LMAX 1  
LMIN 1  
NC 1  
I D  1  
NCH 1  

TWO 2 
FOUR 2 
S I X  2 
EIGHT 2 
MAX 2 
MIN 2 
LMAX 2 
LMIN 2 
NC 2 
I D  2 
NCH 2 

TWO 3 
FOUR 3  
S I X  3  
EIGHT 3 
MAX 3  
M I N  3  
LMAX 3 
LMIN 3  
NC 3  
I D  3 
NCH 3  

Sample S ize  2 8 8 1  163 



Table 10. Groups means, s tandard d e v i a t i o n s ,  one-way a n a l y s i s  o f  va r iance  F - t es t ,  
and p r o b a b i l i t y  f o r  equal i t y  of group means f o r  sca le  v a r i a b l e s  measured 
f rom age 1.3 ch inook salmon sampled a t  se lec ted  lower ,  m idd le  and upper 
Yukon R i ve r  s i t e s ,  1981. 

Lower M idd le  Upper F  - - - 
Va r i ab le  x s x s x s Val ue Probabi 1  i t y  

TWO 1  
FOUR 1  
S I X  1  
EIGHT 1  
MAX 1  
MIN 1  
LMAX 1  
LMIN 1  
NC 1  
I D  1  
NCH 1 

TWO 2 
FOUR 2 
SIX 2 
EIGHT 2 
MAX 2 
MIN 2 
LMAX 2 
LMIN 2 
NC 2 
I D  2 
NCH 2 

TWO 3  
FOUR 3  
S I X  3  
EIGHT 3  
MAX 3  
MIN 3  
LMAX 3  
LMIN 3 
NC 3  
I D  3  
NCH 3  

I D  4 

Sample S i ze  150 150 150 



Table 11 . Groups means, standard d e v i a t i o n s ,  one-way a n a l y s i s  o f  va r iance  F - t es t ,  
and p r o b a b i l i t y  f o r  e q u a l i t y  of group means f o r  sca le  v a r i a b l e s  measured 
f rom age 1.4 ch inook salmon sampled a t  se lec ted  lower, m idd le  and upper 
Yukon R i v e r  s i t e s ,  1981. 

Lower 
- 

Va r i ab le  x s 

M idd le  
- 
X S 

Upper F - 
x s Value Probabi 1 i t y  

TWO 1 
FOUR 1 
S I X  1 
EIGHT 1 
MAX 1 
MIN 1 
LMAX 1 
LMIN 1 
NC 1 
I D  1 
NCH 1 

TWO 2 
FOUR 2 
SIX 2 
EIGHT 2 
MAX 2 
M ~ N  2 
LMAX 2 
LMIN 2 
NC 2 
I D  2 
NCH 2 

TWO 3 
FOUR 3 
S I X  3 
EIGHT 3 
MAX 3 
M I N  3 
LMAX 3 
LMIN 3 
NC 3 
I D  3 
NCH 3 

Sample S i ze  2 00 
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F i g u r e  6 .  F i s h e r  w e i g h t s  of t h e  t o p  ranked v a r i a b l e s ,  and t h o s e  v a r i a b l e s  
i n c l u d e d  i n  t h e  f i n a l  c l a s s i f i c a t i o n  model ( a r r o w ) ,  as d e t e r -  
mined from n e a r e s t  n e i g h b o r  a n a l y s i s  of age  1.3 lower ,  m i d d l e ,  
upper  Yukon f i s h ,  1981. F i s h e r  w e i g h t s  a r e  expressed  i n  
s c i e n t i f i c  n o t a t i o n  (x 
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f o r t h  up t o  s i x  (Table 1 2 ) ,  we concluded t h a t  t h i s  procedure y ie lded  an 
acceptable subse t  of var iables .  S imi lar  p l o t s  f o r  each model used in t h i s  
study (Appendix Figures 1-7) r e su l t ed  in inclusion of from two t o  f i v e  va r i -  
abl e s .  

1980 Analysis:  

C l a s s i f i c a t i o n  accuracy f o r  the  3-way model of age 1 . 3  f i s h  was 71.7% (Table 
13).  Middle Yukon f i s h  showed the  poorest  c l a s s i f i c a t i o n  accuracy (53.4%) and 
were equally misc la s s i f i ed  t o  the  lower and upper Yukon runs (23.32). Lower 
Yukon f i s h  were seldom confused with upper Yukon f i s h  (1.4%) and s i m i l a r l y ,  
upper Yukon f i s h  were seldom confused w i t h  lower Yukon f i s h  (4.1%). The 
c l a s s i f i c a t i o n  accuracy of 93.2% f o r  t h e  2-way model between t h e  lower and 
upper Yukon runs was extremely high while the  c l a s s i f i c a t i o n  accuracy of 71.9% 
f o r  the  ?-way model between t h e  middle and upper Yukon runs was only marginally 
acceptable.  C l a s s i f i c a t i o n  accuracy f o r  the  2-way model between age 1.4 Alaskan 
( i  . e . ,  f i s h  of lower and middle Yukon River o r i g i n )  and Canadian (upper) Yukon 
runs was 81.6% (Tab1 e 14) .  

Point  es t imates  and corresponding confidence i n t e r v a l s  f o r  t h e  cont r ibut ion  of 
age 1 .3  fish t o  t h e  commercial harves t  in D i s t r i c t  1 ind ica te  t h a t  upper Yukon 
f i s h  predominated t h e  catch in a l l  b u t  t he  one period of 19-21 June (Table 15) .  
Corresponding data f o r  age 1.4 f i s h  (Table 16)  ind ica te  t h a t  Alaskan f i s h  were 
most abundant in a l l  b u t  the  one period of 19-21 June. Neither of these  da ta  
s e t s  ind ica te  a sequential  pa t t e rn  of time-of-entry of the  component runs. . 

Expansion of these  point  es t imates  t o  numbers of f i s h  f o r  age c l a s s  1 .3  (Table 
* 17) ind ica te  t h a t  upper Yukon f i s h  accounted f o r  about 57.6% of t h e  age 1 .3  

harves t ,  middle Yukon f i s h  accounted f o r  approximately 24.9%, and lower Yukon 
f i s h  comprised about 17.5%. Expansion f o r  age c l a s s  1.4 i n d i c a t e  a dominance 
of Alaskan Yukon f i s h  (70.6%),  while we estimated t h a t  upper Yukon f i s h  
accounted f o r  29.4%. For both age c l a s ses  combined, we est imated t h a t  56.6% 
were of Alaskan ( i . e . ,  lower and middle) Yukon o r ig in  while 43.6% were of upper 
Yukon o r ig in .  Contribution r a t e s  were not  d i r e c t l y  estimated f o r  age 1 .2  and 
1 .5  f i s h .  However, i t  i s  poss ib le  t o  i n f e r  from age composition data co l l ec ted  
from spawning s i t e s  ( see  Figure 4) t h a t  most of the  age 1 .2  f i s h  were probably 
of lower and middle Yukon o r i g i n .  

1981 Analysis:  

The c l a s s i f i c a t i o n  accuracy of 58.2% f o r  the  3-way model (Table 18)  f o r  age 
1 .3  f i s h  was q u i t e  low and s u b s t a n t i a l l y  l e s s  than t h a t  observed in 1980 (71.7%, 
Table 1 3 ) .  As w i t h  t h e  1980 model , t he  tendency f o r  lower Yukon f i s h  t o  be 
confused w i t h  upper Yukon f i s h  (9.4%) and vice-versa (16.7%) was low. There 
was a tendency f o r  middle Yukon f i s h  t o  resemble lower Yukon f i s h  (27.3%) more 
than upper Yukon f i s h  (18.7%) in t h i s  model. Lower Yukon f i s h  were the  most 
d i s t i n c t  (66.6% accuracy) while middle and upper Yukon f i s h  exhib i ted  t h e  
same (54.0%) low accuracy. Overall c l a s s i f i c a t i o n  accuracy f o r  t h e  2-way 
model of lower vs upper Yukon f i s h  was f a i r l y  high a t  80.7% with lower Yukon 
f i s h  again exh ib i t ing  t h e  highest  accuracy (84.0%).  The 3-way model f o r  age 
1.4 (Table 19)  f i s h  exhib i ted  an overa l l  c l a s s i f i c a t i o n  accuracy of 69.5%. 
C lass i f i ca t ion  t r ends  were s i m i l a r  t o  the age 1 .3  model in t h a t :  (1)  lower 
Yukon f i s h  showed t h e  h ighes t  c l a s s i f i c a t i o n  accuracy (72.0%),  ( 2 )  lower Yukon 



Table 12. T e s t  c l a s s i f i c a t i o n  ma t r i ces  f o r  n e a r e s t  neighbor a n a l y s i s  o f  age 
1 . 3  lower,  middle,  and upper Yukon River chinook salmon, 1981. 

C l a s s i f i e d  Group o f  Origin  
Actual Group Sample (Var iab les  = SIXZ., NC1) 

of Or iq in  S ize  ~ o w e r  Middle Upper 

~ o w e r  150 .a40 .060 . lo0  
M i  ddl e 150 .447 .333 ,220 
Upper 150 .267 .220 .513 

Averaqe Cor rec t ly  C l a s s i f i e d  = .562 

C l a s s i f i e d  Group o f  Origin  
Actual Group Sampl e (Var iab les  = SIX2, NCI, N C H ~ )  

o f  Or iq in  S i z e  Lower Middle upper 

Lower 150 .753 . I47 . I00  
Mi ddl e 150 .320 .473 .207 
Upper 150 . I80  .300 .513 

Average Cor rec t ly  C l a s s i f i e d  = .582 

C l a s s i f i e d  Group of Origin  
Actual Group Sample (Var iab les  = SIX2, NC1, NCH3, 101) 

of Origin  S i z e  Lower Middle Upper 

Lower 150 .693 .213 .094 
Middle 150 .247 .573 . I80  
upper 150 . I67 .340 .493 

Average Correct1 y C l a s s i f i e d  = .591 

C l a s s i f i e d  Group of Origin  
Actual Group Sample (Var iab les  = SIX2, NC1, NCH3, ID1, #XI) 

of Origin  S ize  Lower Ni ddl e Upper 

~ o w e r  150 .680 . I 9 3  . I27  
Middle 150 .247 .540 .213 
upper 150 . I60 .360 .480 

Averaqe Cor rec t ly  C l a s s i f i e d  = .571 

C l a s s i f i e d  Group of Origin  
Actual Group Sample (Var iab les  = SIXZ, NCl, NCH3, 101, #%XI, T'ri02) 

of Origin  S ize  Lower Middle Upper 

~ o w e r  150 .700 .207 .093 
Middle 150 .273 ,473 .254 
upper 150 . I33  .380 .187 

Average Cor rec t ly  C l a s s i f i e d  = .553 

-25- 



Table 13. Test c l a s s i f i c a t i o n  matr ices f o r  nearest neighbor analys is  o f  age 1.3, Yukon R iver  
chinooic S~~~IIIUII. 1960. 

Actual  Group Sample 
o f  O r i g i n  Size 

C l a s s i f i e d  Group o f  O r i s i n  
(Var iab les = 102, NC3, FOURI, ~ 1 6 ~ ~ 2 ,  TW03) 
Lower Middle Upper 

Lower 73 .781 .205 .014 

Middle 73 .233 .534 .233 

Average Cor rec t l y  C l a s s i f i e d  = .717 

C l a s s i f i e d  Group o f  O r i g i n  
Actual Group Sample (Var iab les = 102, FOUR2, NC3) 
o f  O r i g i n  Size Lower Upper 

Lower 7 3 .932 .068 

Averaqe Cor rec t l y  C l a s s i f i e d  = .932 

C l a s s i f i e d  Group o f  O r i g i n  
Actual Group Sampl e j v a r i a b l e s  = NC3, FOURZ, TW03) 

o f  O r i g i n  Size Middle Upper 

Middle 7 3 .712 .288 

Averaqe Cor rec t l y  C l a s s i f i e d  = .719 



Table 14. Test  c l a s s i f i c a t i o n  m a t r i x  f o r  nearest  neighbor ana lys i s  o f  age 1.4, Yukon R i v e r  
chinook salmon, 1980. 

C l a s s i f i e d  Group o f  O r i g i n  
Actual  Group Sampl e (Var iab les  = MAXI; NCH3,  TWO^) 

o f  O r i g i n  Size Alaskan 1 Upper 

A1 as kan 1 

Averaqe C o r r e c t l y  C l a s s i f i e d  = .816 

1 Due t o  i n s u f f i c i e n t  sample s izes,  samples were pooled from t h e  lower ( ~ = 2 8 )  and 
middle (N=81) Yukon runs ( i . e .  f i s h  o f  Alaskan o r i g i n ) .  



-- 
Table 15. Saniple s izes  o f  unknown f i s h ,  age c lass  s p e c i f i c  run  composit ion est imates and 

90% confidence i n t e r v a l s  c a l c u l a t e d  from sca le  p a t t e r n  ana lys i s  o f  age 1.3 chinook 
salmon, D i s t r i c t  1, Yukon River ,  1980. 

-- --- 

Per iod Dates N Lower Middle Upper 

1 619 - 6/10 5 2 .278+ - .236 .173+ - .379 .549+ - ,273 

2 6/12 - 6/14 6 5 .223+ - . I99 .112+ - .353 .665+ - ,260 

3 6/16 - 6/17 6 1 .244+ - . I18 1 .756+ - . I18  

4 6/19 - 6/21 48 2 .607+ - .306 .393+ - .306 

5 6/23 - 6/24 62 .127+ - . I96 .216+ - .376 .657+ - .271 

I 
r\) 
CO 

6 - 7 3  6/26 - 711 5 7 .204+ .222 .245+ - .379 .551+ - -269 
I 

8 - 214 7 /2  - 8/19 6 6 .469+ - .244 .020+ - .321 .511+ - .213 

1 O r i g i n a l  3-way c l a s s i f i c a t i o n  model y i e l d e d  a negat ive  value f o r  t he  midd le  Yukon co r rec ted  
run composit ion est imate ( -  .067+ .359). 

O r i g i n a l  3-way c l a s s i f i c a t i o n  mods1 y i e l d e d  a negat ive  value f o r  t h e  lower Yukon co r rec ted  
run composit ion est imate ( -  .033+ .252). 

3 - 
Samples from Per iod 7 on ly .  

4 Samples from Periods 8 (N=47), 9 (N=17), and 14 (N=2) only.  



Table 16 .  Sample s i z e s  of  unknown f i s h ,  age c l a s s  s p e c i f i c  run composition 
e s t i m a t e s ,  and 90% conf idence  i n t e r v a l s  c a l c u l a t e d  from s c a l e  
p a t t e r n s  a n a l y s i s  of  age 1 . 4  chinook salmon, D i s t r i c t  1 ,  Yukon 
River ,  1980. 

Period Dates N Alaskan Upper 

1 6 /9  - 6/10 48 .827+ - . I89  .173+ - . I 8 9  

2 6/12 - 6/14 6 3 .786+ - ,171 .214+ - . I71 

3 6/16 - 6/17 6 1 .822+ - . I72 .178+ - . I 72  

4 6/19 - 6/21 5 7 .486+ - . I 85  .514+ - . I 85  

5 6/23 - 6/24 63 .786+ - . I71 .214+ - . I71 

6 - 7 *  6/26 - 7/1 45 1.000+ - ,177 .OOO+ . I77 - 
8 - 213  7/2 - 8/19 46 .705+ . I99  - .295+ - . I 99  

1 
Due t o  i n s u f f i c i e n t  sample s i z e s ,  samples f o r  s t anda rds  were pooled from 
the lower (N=28) and middle (N=81) Yukon runs ( i . e .  f i s h  of  Alaskan o r i g i n ) .  
Samples from Period 7 only .  

" 3 Samples from Per iods  8 ( 3 4 ) ,  9 ( 9 ) ,  and 14 (3 )  only.  



Table 17- Run compc.;si t io~~ esl.imates o f  age 1.3 and 1.4 chinook salmon catches, D i s t r i c t  1. Yukon River. 1980. 

Period Dates Hun 
1.3 1.4 Total  

% No. % No. % No. 

1 619 - 6/10 Lower 27.8 88 1 
Middle 17.3 549 - - 
Alaskan Subtotal  45.7 1,430 82.7 2,655 64.0 4,085 
Upper 54.9 1,740 17.3 555 36 .O 2,295 
To ta l  1oO.o 3,170 100.0 3,210 100.0 6,380 

2 6/12 - 6/14 Lower 22.3 2,512 
Middle 11.2 1,262 - - 
Alaskan Subtotal  33.5 3,774 78.6 9,548 56.9 13,322 
Upper 66.5 7,493 21.4 2,599 43.1 10,092 
To t a  1 100.0 11,267 100.0 12,147 100.0 23,414 

3 6/16 - 6/17 Lower 24.4 1,844 
Middle - -  0.0 tr tr - 

I 
Alaskan Subtotal  24.4 1,844 82.2 5,349 51.1 7,193 

W 
0 Upper 75.6 5,715 17.8 1,158 48.9 6,873 
I Tota l  100.0 7,559 100.0 6,507 100.0 14,066 

4 6/19 - 6/21 Lower 0.0 tr 
Middle 60.7 7,336 - tr - 
Alaskan Subtotal  60.7 7,336 48.6 6.497 54.4 13,833 
Upper 
To ta l  

6/23 - 6/24 Lower 12.7 250 
Middle 21.6 426 
Alaskan Subtotal  34.3 6z 
Upper 
Tota l  

1 - 5  Chinook Salmon Lower 15.2 5,487 
Season Middle 26.6 9,573 

Subtotal  Alaskan Subtotal  41.8 15,060 68.1 25,879 55.6 40,939 
Upper 58.2 20,992 31.1 11,681 44.4 32,673 
Tota l  1 0 0 . 0 3 6 , 0 5 2  100.0 37,560 100.0 73,612 

............................................................................................................... 
Continued 



Table 17. Run composit ion est imates o f  age i . 3  ana 1.4 cninook &almon catches, D i s t r i c t  1, Yukon Hiver ,  1980 (con t . ) .  

1.3 1.4 To ta l  
Per iod Dates Run % NO. % No. % No. 

6 - 7  6/26 - 711 Lower 20.4 631 
Middle 24.5 757 
Alaskan Subtota l  1 ,m lam 2,223 67.9 3,611 

- 

Upper 55.1 1,704 0.0 tr 32.1 1,704 
To ta l  100.0 3,092 100.0 2,223 100.0 5,315 

8 - 21 712 - 8/19 Lower 46.9 1,194 
Middle 2.0 51 - - 
Alaskan Subtota l  1,245 

- 
70.5 1,347 58.2 2.592 

Upper 51.1 1,300 29.5 563 41.8 1,863 
T o t a l  100.0 2.545 100.0 1,910 100.0 4,455 

6 - 21 F a l l  Season Lower 32.4 1,825 
sub To ta l  Midd le  - 14.3 - 808 - - - 

Alaskan Subtota l  46.7 2,633 86.4 3,570 63.5 6,203 
Upper 53.3 3,004 13.6 563 36.5 3,567 
To ta l  100.0 5,637 100.0 4,133 100.0 9,770 

To ta l  Lower 17.5 7.117 ,-.- 
Middle  24.9 10,381 - -  - -  
Alaskan Subtotal  42.4 17,693 70.6 29,449 56.5 47,142 
Upper 57.6 23,996 29.4 12,244 43.6 36,240 
To ta l  100.0 41,689 100.0 41,693 100.0 83,382 



Table 18. Test  c l a s s i f i c a t i o n  mat r ices  f o r  nearest  neighbor ana lys i s  o f  age 1.3 Yukon 
R i v e r  chinook salmon, 1981. 

C l a s s i f i e d  Group o f  O r i g i n  
Actual  Group Sample (Var iab les  = SIX2, N C ~ ,  N C H ~ ,  ID1) 

o f  O r i g i n  Size Lower M i  dd l  e  Upper 

Lower 150 .666 .240 .094 

Middle 150 .273 .540 . I87 

-- 

Average C o r r e c t l y  C l a s s i f i e d  = .582 

C l a s s i f i e d  Group o f  O r i g i n  
Actual  Group Sample (Var iab les  = SIX2, NCH3) 

o f  O r i g i n  Size Lower Upper 

Lower 

Average C o r r e c t l y  C l a s s i f i e d  = .807 



Table 19. Test c l a s s i f i c a t i on  matrices fo r  neares t  neighbor analysis  o f  age 1.4 
Yukon River chinook salmon, 19CT. 

Class i f ied Group of Origin 
Actual Group Sarnpl e (Variables = NC2, NCl, EIGHTZ, ID3) 

of Origin Size Lower Mi ddl e Upper 

Lower 200 .720 .ZOO .080 

Middle 

Upper 

Averaqe Correctly Class i f i ed  = .695 

Class i f i ed  Group of Orisin 
Actual Group Sarnpl e (Variables = .NCI; ID3, TWOI ) 
of Oriqin Size Middle Upper 

Middle 2 00 .805 .I95 

Average Correctly Class i f i ed  = .790 



f i s h  were seldom c l a s s i f i e d  as upper Yukon f i s h  (8.0%) and v ice-versa (11.0%), 
and (3 )  m idd le  and upper Yukon f i s h  showed lower  c l a s s i f i c a t i o n  accurac ies  
(70.5 and 66.0%, r e s p e c t i v e l y ) .  The 2-way model f o r  age 1.4 midd le  vs upper 
Yukon runs  was 79.0% w i t h  approx imate ly  equal tendencies f o r  m i s c l a s s i f i c a t i o n  
(1  9.5 and 22.5%, r e s p e c t i v e l y ) .  

Temporal d i f f e r e n c e s  i n  t h e  p o i n t  es t imates  of t h e  age 1.3 run  composi t ion 
were e v i d e n t  (Table 20) as t h e  percentage o f  lower  Yukon f i s h  inc reased  over  
t ime  (2.0 t o  55.4%) w h i l e  the percentage o f  upper Yukon f i s h  dec l i ned  (76.4 
t o  44.6%). Confidence i n t e r v a l s  based on t h e  a n a l y s i s  were l a r g e  however, 
r ang ing  from .201 t o  .595. A l l  p o i n t  es t imates  computed f o r  age 1.4 lower  
Yukon r u n  composi t ion us ing  t h e  3-way model were nega t i ve  and ranged f r om -.020 
t o  -. 139 (Tab1 e  21 ) . However, con f idence  i n t e r v a l s  around these  es t imates  
e x h i b i t e d  a  range from . I15  t o  . I 4 7  i n d i c a t i n g  t h a t  t h i s  r u n  may have been 
p resen t  i n  t h e  D i s t r i c t  1  ca t ch  i n  low abundance. As a  r e s u l t  of these nega- 
t i v e  est imates,  t h e  ca t ch  a l l o c a t i o n  f o r  age 1.4 f i s h  was accompl ished w i t h  a  
2-way model between t h e  m idd le  and upper Yukon runs. Th i s  a n a l y s i s  suggests 
t h a t  m idd le  Yukon f i s h  were c o n s i s t e n t l y  most abundant (range 71.2 - 88.4%) 
and t h a t  no temporal p a t t e r n s  i n  t ime -o f -en t r y  were ev iden t .  

Expansion o f  t h e  p o i n t  es t imates  t o  numbers o f  f i s h  (Table 22) i n d i c a t e s  t h a t  
among age c l a s s  1.3, t h e  upper Yukon r u n  predominated (59.0%) f o l l o w e d  by t h e  

' 

l ower  Yukon r u n  (32.3%) and t h e  midd le  Yukon run  (8.7%). For  age c l a s s  1.4, 
m idd le  Yukon f i s h  were most abundant (77.7%) fo l lowed by t h e  upper Yukon 
(22.3%). We a l l o c a t e d  no age 1.4 f i s h  t o  t he  lower  Yukon run  b u t  be1 i eve  
t h a t  they  were p resen t  i n  low numbers based upon t h e  f a c t  t h a t  con f idence  

I i n t e r v a l s  f o r  t h e  3-way model exceeded zero. When abundance es t imates  f o r  t h e  
two age c lasses  were combined, we es t imated  t h a t  about  64.5% were des t i ned  f o r  
m idd le  Yukon spawning s i t e s ,  29.3% t o  upper Yukon s i t e s  and 6.2% t o  lower  Yukon 
s i t e s .  

As w i t h  t h e  1980 data,  i n s u f f i c i e n t  samples were a v a i l a b l e  t o  make p o i n t  e s t i -  
mates f o r  t he  c o n t r i b u t i o n  o f  age c lasses  1.2 o r  1.5. We be1 ieve ,  however, 
t h a t  t h e  ex t reme ly  low inc idence  o f  age 1.2 f i s h  i n  the  upper Yukon spawning 
ground samples suggest t h a t  most o f  these f i s h  were bound f o r  lower  and m idd le  
Yukon spawning s i t e s .  

DISCUSSION 

Age Composit ion 

The r e l a t i v e l y  smal l  d i f f e r e n c e  i n  age composi t ion observed w i t h i n  each run  
lends  suppor t  t o  our  geographica l  g roup ing  o f  s tocks.  The s i g n i f i c a n t  d i f f e r -  
ences i n  age composi t ion observed between t h e  lower ,  midd le,  and upper Yukon 
runs  p rov ides  a p o t e n t i a l l y  power fu l  s t ock  i d e n t i f i c a t i o n  t o o l  f o r  t h e  l owe r  
r i v e r  f i s h e r y .  However, i t  i s  n o t  p o s s i b l e  t o  use age composi t ion da ta  t o  
a l l o c a t e  catches u n t i l  t h e  magnitude o f  t he  escapements t o  each area a r e  b e t t e r  
de f i ned  and t h e  s e l e c t i v e  e f f e c t s  o f  t h e  f i s h e r y  a r e  b e t t e r  understood. 



Table 20.  Sample s izes  o f  unknown f i s h ,  age c lass  s p e c i f i c  run  composit ion est imates, and 
90% confidence i n t e r v a l s  c a l c u l a t e d  from sca le  p a t t e r n  ana lys i s  o f  age 1.3 chinook 
salmon, D i s t r i c t  1, Yukon River ,  1981. 

Per iod Dates N Lower M i  ddl  e Upper 
1 

1 - 2  615 - 619 57 .020+ - .267 .216+ - .574 .764+ - .497 

3  - 5 2  6/11 - 6/19 4  9  .A96+ - .201 3 .504+ .201 - 

6 - 7 4  6/22 - 6/26 4 1  .305+ - .351 .180+ - .595 .515+ - .506 

3  0  
6 

8 - 1 g 5  6/29 - 8/18 .554+ - ,250 .446+ - .250 

1 

2 
Samples f rom Big,  Eddy t e s t  f i s h  p r o j e c t ,  611-614 (N=7); Per iod 1  (N=15); and Per iod 2  (N=29). 

I 
C3 

Samples f rom Periods 3  (N=23), 4  (N=10), and 5  (N=16). 
Cn 

3 O r i g i n a l  3-way c l a s s i f i c a t i o n  model y i e l d e d  a  negat ive  value f o r  t he  middle r i v e r  co r rec ted  
I 

4 
s tock composi t i o n  est imate (-.015+ .512). 
Samples from Periods 6  (N=17); ana 7  (N=15); and B ig  Eddy t e s t  f i s h  p r o j e c t ;  6/21-6126 (N=9). 
Samples from per iods 8  (N=5); 9 (N=l ) ;  10 (N=3); 11 (N=3); and 12 (N=4); and B ig  Eddy test, 

6 
f i s h  p r o j e c t ,  6/28-7114 (N=14). 
O r i g i n a l  3-way c a l s s i f i c a t i o n  model y i e l d e d  a  negat ive  value f o r  t he  middle r i v e r  co r rec ted  

run  composit ion est imate (- .  151+ - .636). 



Table 21 . Sample s i z e s  o f  unknown f i s h ,  a g e - c l a s s  s p e c i f i c  r u n  compos i t ion  es t imates ,  and 
90% con f idence  i n t e r v a l s  c a l c u l a t e d  from s c a l e  p a t t e r n s  a n a l y s i s  o f  age 1.4 ch inook 
salmon, D i s t r i c t  1, Yukon R i v e r ,  19C1. 

- - -  - 

Per iod  Dates N  Lower M idd l  e  Upper 

1 1  615 - 616 8  3  .712+ - . I 6 2  .288+ - . I 6 2  

2  618 - 619 88 .884+ - . I51  .116+ - . I 5 1  1 

3  6/11 - 6/12 80  .689+ - . I 6 5  .311+ - . I 6 5  1 

4  6/15 - 6/16 8  8  .747+ - . I 5 7  .253+ - . I 5 7  1 

5 6/18 - 6/19 8  6  1 .794+ - . I 5 6  .206+ - . I 5 6  

6  6/22 - 6/23 68 1 .828+ - . I 7 1  .172+ - . I 7 1  

7  - 19 '  6/25 - 8/18 57 .851+ - ,182 .149+ - . I 8 2  1 

1 O r i g i n a l  3-way c l a s s i f i c a t i o n  model y i e l d e d  a  n e g a t i v e  v a l u e  f o r  t h e  l o ~ e r  r i v e r  c o r r e c t e d  
r u n  compos i t i on  es t ima te .  

P e r i o d  1  -.135+ . I 1 9  
Pe r i od  2  -.139+ . I 15  
P e r i o d  3  -.050+ . I 4 5  
P e r i o d  4  -. 057T . I 3 0  
P e r i o d  5  -.020+ . I 45  
P e r i o d  6  -.121+ ,136 
P e r i o d  7  -. 099g - . I47  

2 
Samples f r om Per iods  7  (N=31), 8  (N=13), 10 (N=4), 11 ( ~ = 2 ) ,  and 12 (N=7). 



Table 22. Run composit ion est imates o f  age 1.3 and 1.4 chinook salmon catches, D i s t r i c t  1, Yukon R iver ,  1981. 

1.3 1.4 To ta l  
Per iod  Dates 0 0 Run 0 

o NO. o NO. o 140 . 
1 615 - 616 Lower 2. O1 44 0.0 0.4 44 . - 

Fli ddl  e 21.6l  481 71 .2 6,118 61 .O 6,599 
Alaskan Subtota l  23.6 

- 
525 71.2 6,118 61.4 6,643 

Upper 76.4 1,698 28.8 2,475 38.6 4,173 
To ta l  100.0 2,223 100.0 8,593 100.0 10,816 

618 - 619 Lower 2 .O1 7 8 0.0 0.5 78 
M i  ddl  e 21.6l - 840 88.4 10,229 71 .6 11,069 
Alaskan Subtota l  23.6l 98 1 88.4 10,229 72.1 11 ,147 
Upper 
To ta l  

6/11 - 6/12 Lower 49.62 1,501 0.0 t r 10.6 1 ,501 
M i  ddl  e 0 .02 t r 68.9 7,664 54.2 7,664 
Alaskan Subtota l  4 9 . 6 2  1,501 68.9 7,664 64.8 9 ,I 65 
Upper 50.42 1,526 31.1 3,459 35.2 4,985 
To ta l  100.0 3,027 100.0 11,123 100.0 14,150 

4 6/15 - 6/16 Lower 49.62 1,099 0.0 t r 6.3 1,099 
Middle 0. 02 tr 
Alaskan Subtota l  49.62 1,099 
Upper 50.42 1,116 25.3 3,881 28.5 4,997 
To ta l  100.02 2,215 100.0 15,339 100.0 17,554 

5 6/18 - 611 9 Lower 49.6 2,164 0.9 tr 7.9 2,164 
1-li dd l  e 0.0 t r 79.4 18,229 66.7 18,229 
Alaskan Subtota l  49.6 2,164 79.4 18,229 74.6 20,393 
Upper 
To ta l  

1 - 5  Chinook Salmon Lower 31 .1 4,886 0.0 t r 5.7 4,886 
Season Subto ta l  M i  ddl  e 8.4 1,321 

Alaskan Subtota l  39.5 6.207 - - ~ -~ 

Upper 60.5 9,509 22.8 15 1886 29.8 25 1395 
To ta l  100.0 15,716 100.0 69,584 100.0 85,300 



- 
Table 22. Run composition es t imates  of age 1 .3  and 1 .4  chinook salmon ca tches ,  D i s t r i c t  1 ,  Yukon River ,  

1981 (continued) . 

1 . 3  
0 01 

1.4  Total  
Period Dates Run o No. /o No. % No. 

6 6/22 - 6/23 Lower 30.53 195 0.0 t r 5.7 195 
Middle 18.03 1,1,5 82.8 2,344 70.8 2.459 
Alaskan Subtotal  4 8 . 5 3  3-0 82.8 2,344 76.5 2,654 
Upper 
Total 

7 6/25 - 6/26 Lower 30.5 202 0.05 t r 10.0 202 
Middle 18.0 119 85.1 1,165 63.2 1,284 
Alaskan Subtotal  48.5 

- 
321 85.15 1,165 73.2 1,486 

Upper 51 - 5  340 14.g5 204 26.8 544 
To t a  1 100.0 661 100.0 1,369" 100.0 2,030 

I 8 - 1 9  6/29 - 8/18 Lower 55.46 521 0.05 t r 18.0 521 
0 
03 
I 

Mi ddl e 0.  O 6  t r 65.1 1,656 57.4 - 1,656 
Alaskan Subtotal m6 521 85.15 1,656 75.4 2.177 

-- 

Upper 
Total 

6 - 19 Fall  Season Lower 41 - 0  91 8 0.0 t r 10.9 91 8 
Subtotal  Mi ddl e 10.4 2 34 84.0 5,165 64.4 5,399 

Alaskan Subtotal  51.4 1,152 84.0 5 ,I 65 75.3 6,317 
Upper 
Tot a 1 

Total Lower 32.3 5,804 0.0 t r 6.2 5.804 
Middle 8.7 1,555 77.7 58,863 64.5 60 I41 8 
Alaskan Subtotal 41.0 7,359 77.7 58,863 70.7 66,222 
Upper 59.0 10,599 22.3 16,867 29.3 27,466 
Total 100.0 17,958 100.0 75,730 100.0 93,688 

Pooled samples from Periods 1 and 2. Pooled samples from Periods 7 - 19. 
2 Pooled samples from Periods 3 - 5. Pooled samples from Periods 7 - 19. 

Pooled samples from Periods 6 and 7.  Pooled samples from Periods 8 - 19. 



Scale Analysis 

The original 3-way analysis of 1981 age 1.4 f i sh  resulted in negative values 
for each point estimate of lower Yukon run composition. tlowever, in 90% con- 
fidence intervals associated with these estimates show tha t  the contribution 
of age 1.4 lower Yukon f i sh  could have been as  high as 12.5% during some per- 
iods (see Table 21). We believe that  i t  i s  unlikely that  the lower Yukon run 
did not contribute to the commercial harvest of age 1.4 f ish in 1981. Instead 
we interpret t h i s  resu l t  as a demonstration of the d i f f icu l ty  in estimating 
contribution rates  fo r  stocks present in low abundance using scale pattern 
analysis when classif icat ion accuracy i s  low. 

During 1981 we estimated in Table 22 that  the single largest  component of the 
combined age 1.3 and 1.4 harvest to  have originated from the middle Yukon run 
(64.5%). Although we were not able to fu l ly  evaluate the middle Yukon contri-  
bution during 1980, most of the samples used t o  construct the Alaskan portion 
of the age 1.4 model were of middle Yukon origin (70.6% of the age 1.4 harvest). 
While both the Salcha and Chena Rivers a re  known to be major producers of Yukon 
River chinook salmon, we feel that  i t  i s  unlikely that  the majority of the 
Dis t r ic t  1 catch was destined for  these rivers.  Instead we hypothesize tha t  
i t  i s  more 1 ikely that  the Salcha and Chena River scale patterns are  similar 
to patterns from other t r ibutar ies  in' the middle Yukon area, particularly the 
Koyukuk, Me1 ozi tna,  Tozi tna , and Chandalar Rivers, and other Tanana River t r i  b- 
utaries.  

During 1981 we estimated that  the lower Yukon run contributed relat ively l i t t l e  
, production to  the Dis t r ic t  1 commercial fishery (we were not able to  fu l ly  

evaluate the contribution of lower Yukon f i sh  during 1980). Since aerial  sur- 
vey data of escapements (see Appendix Table 7) indicated that  the lower Yukon 
escapement i s  roughly equal to  that  of the middle and upper Yukon runs, we 
conclude tha t  e i ther :  ( 1  ) peak aerial  survey escapement estimates did not 
provide suff ic ient ly  accurate comparisons of individual escapements; or (2) 
the exploitation ra te  of lower Yukon f i sh  i s  much less  than that  of the middle 
and upper Yukon runs. I t  i s  n o t  possible a t  this  time to determine which of 
these a1 ternatives i s  most plausible. 

Biological Interpretation of Scale and Age Data 

In b o t h  1980 and 1981, we observed an increase in the average ocean age and 
hence s ize5 of chinook salmon sampled a t  spawning s i t e s  moving progressively 
further upriver. 1Je hypothesize that  th i s  may be explained by different ial  
prolonged swiming performance between age classes in relation to  distance 
from the r iver  mouth to  natal spawning grounds. This hypothesis i s  based upon 
data which suggests that  prolonged swimming endurance i s  dependent upon length 
(Beamish 1978) in that  sustained swimming performance seems to  be 1 imited by 
the ra te  a t  which muscle t issue can be supplied with raw materials for  contrac- 
tion and re1 ieved of metabol i c  waste materials. Beami sh (1 978) concluded that  
larger f i s h ,  therefore, had a relatively higher scope for  metabolic ac t iv i ty  
than smaller f i sh .  This relationship has been shown to ex is t  fo r  Atlantic 
herring (Clupea  harengus  h a r e n g u s )  and for  the sea 1 amprey (Pe t romyzon  m a r i n u s )  . 

Ocean age i s  indicative of s ize a t  return so that  for  instance among males 
sampled in the Dis t r ic t  1 fishery during the chinook salmon season, average 
length (mid-eye t o  fork of t a i l  was; age 1.2,  596 mm; age 1.3, 766 mm; age 
1.4, 912 mm; age 1.5, 1,058 mm. 



Secondly, age a t  maturity in chinook salmon has been shown to  be heritable 
(Ricker 1972). When we consider these fac ts  in l ight of the progressively 
increasing distance from the mouth of the Yukon River t o  principal spawning 
s i t e s  (Andreafsky River mouth, 167 km from Yukon River mouth; Salcha River 
mouth, 1,595 km; Tesl in River mouth, 2,661 km) , i t  seems reasonable that 
larger,  hence older, f i sh  may have a selective advantage tha t  would be reflected 
i n  an older average age of f i sh  returning to spawning s i t e s  progressing further 
upriver. 

Significant and persistent differences in the s ize of the three growth zones 
measured on the scales of lower, middle, and upper Yukon runs provides insight 
into differences in the i r  l i f e  history which permit scale pattern analysis a s  
a method for  determining origins in the lower river fishery. The s ize of the 
f i r s t  freshwater year zone ([ID ( I ) ]  was consistently largest  among lower Yukon 
f i sh .  The upper Yukon f i sh  exhibited the smallest f i r s t  year ' s  growth zone in 
three of four comparisons. The f i r s t  year ' s  growth zone of the middle Yukon 
f ish was likewise intermediate in s ize in three of four comparisons (see Tables 
8-11). These data suggest that growing conditions for  juvenile chinook salmon 
in the i r  f i r s t  year improve in rearing areas moving down the drainage from the 
headwaters i n  Canada towards the river mouth. We can only speculate on the 
factors which produce th i s  different ial  growth a t  t h i s  time. 

The s ize  of the freshwater plus growth zone [ID ( 2 ) ]  increased dramatically i n  
samples collected from the lower to upper Yukon runs (see Table 8-1 1 ) .  Because 
th i s  zone represents the freshwater growth achieved in the spring of smelting. 
and the distance each of these runs must miqrate to reach the Bering Sea i s  

; also substantially longer moving upstream, we hypothesize tha t  t h i s  growth 
ref lec ts  the different ial  migration time and growth achieved during that  time 
for  the three runs. 

The s ize  of the f i r s t  marine zone [ID (3 ) ]  decreased in samples collected from 
the runs moving upstream (see Tables 8-11). These data suggest that  the growth 
realized by Yukon chinook salmon in the i r  f i r s t  year a t  sea decreases among 
stocks whose spawning s i t e  are  located progressively fur ther  from the Yukon 
River mouth. We believe that this  resu l t  is  consistent with the concurrent 
increase in the s ize  of the plus growth zone. Because of the longer time i t  
would take fo r  smolts to  migrate from upriver rearing areas t o  the Bering Sea 
than i t  would take fo r  smol t s  of downriver areas, the amount of time f i sh  of the 
three runs would be a t  sea and growing in their  f i r s t  year would decrease moving 
upstream from the river mouth. 

In summary, we believe tha t  these significant and persistent differences in 
scale patterns of Yukon River chinook salmon may be interpreted in terms of 
different ial  l i f e  his tor ies  between stocks of f i sh  spawning along the length 
of the r iver .  Because these patterns pers i s t ,  i t  appears worthwhile to  pursue 
the concept of pooling data collected during several years t o  construct models 
to identify the origin of f i sh  harvested in the lower r iver  on an in-season 
basis. The success of t h i s  aspect of our work will depend upon differences 
within stocks between years relative to  the differences between stocks within 
years . 



RECOMMENDATIONS 

Based on the resul ts  of this  study, we recommend that  the current sampling 
and a1 1 ocation program be continued with the fol lowing modifications made: 

1 )  Increase the sampling level for  the Distr ic t  1 f ishery. Sampling 
should be increased t o  obtain approximately 100 samples each from 
the age 1.3 and 1.4 catch for  each period d u r i n g  the chinook salmon 
season and those periods during the f a l l  season when s ignif icant  
chinook salmon catches are  made. I t  i s  recommended that  sampling 
be increased t o  300 f i sh  per period. 

2 )  Sampling should be expanded to the other Yukon River fishing dis- 
t r i c t s .  Substantial catches are sustained in other fishing dis- 
t r i c t s ,  notably Dis t r ic t  2 (1980 and 1981 harvest of 50,824 and 
45,302 f i s h ,  respectively).  Allocation of these catches i s  necessary 
t o  determine the total  commercial ut i l izat ion by run. 

3) Obtain suf f ic ien t  samples ( t e s t  f i sh  and subsistence catch samples) 
for  allocation during the i n i t i a l  portion of the migration before 
the f i r s t  commercial opening. Allocation of these samples will 
a s s i s t  determination of the run composition of that  portion of the 
migration that  escapes the fishery early in the run. I t  will also 
a s s i s t  i n  determining i f  different ial  time-of-entry patterns ex is t  
between runs. 

I 

4) Expand the escapement sampling and aer ial  enumeration program to 
other spawning t r ibutar ies .  This i s  particularly important because 
of the large number of commercially caught f ish that  were allocated 
to  the middle Yukon run. 

5 )  Investigate the possibi l i ty  of development of a historical model for  
in-season use. If the var iabi l i ty  in scale patterns within a run 
between years i s  less  than the variabi l i ty  between runs within a 
year, i t  may be possible to develop a model based on previous years 
escapement data to  determine trends in the migration on an in-season 
basis. 
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APPENDICES 



Appendix Table 1. Sex and age composit ion of chinook salmon commercial catches taken du r i ng  the  chinook 
salmon season, D i s t r i c t  1, Yukon River ,  1980. 

1.2 1.3 1.4 1.5 Pe r iod  To ta l  
Per iod Dates Sex No. % No. % No. % No. % No. % 

1 6/9 - 6/10 Male 10 5.3 7 0 37.4 28 15.0 108 57.7 
Fenla 1 e 17 9.1 60 32.1 2 1.1 79 42.3 
Sub to ta l  10 5.3 87 46.5 88 47.1 2 1.1 187 100.0 

2 6/12 - 6/14 Male 2 1 .O 79 41.6 3 2 16.8 1 0.5 114 60.0 
Fe~na 1 e 11 5.8 6 5 34.2 76 40.0 
Subto ta l  2 1.0 90 47.4 97 51.1 1 0.5 190 100.0 

3 6/16 - 6/17 Male 2 1.1 72 39.6 22 12.1 1 0.5 97 53.3 
Ferna 1 e 22 12.1 59 32.4 4 2.2 85 46.7 
Sub to ta l  2 1.1 94 51.7 81 44.5 5 2.7 182 109.0 

I 
P 4 6/19 - 6/21 Male 1 0.5 66 35.9 2 3 12.5 3 1.6 93 50.5 
cn Fema 1 e 19 10.3 7 1 38.6 1 0.5 91 49.5 
I Subto ta l  1 0.5 8 5 46.2 94 51.1 4 2.2 184 100.0 

5 6/23 - 6/24 Male 
Fenla 1 e 
Subtota l  



Appendix Table 2. Sex and age composition of chinook salmon commercial catches taken during the fall season, 
District 1 ,  Yukon River, 1980. 

- 

1.2 1.3 1.4 1.5 Per iod To ta l  
Per iod Dates Sex No. % No. % No. % No. % No. % 

-. 

6 6/26 - 6 /27 Male 13 39.4 14 42.4 2 6.1 1 3.0 30 90.9 
Fema 1 e 2 6.1 1 3.0 3 9.1 
Subto ta l  13 39.4 16 48.5 3 9.1 1 3.0 33 100.0 

7 6/30 - 711 Male 27 14.5 66 35.5 2 5 13.4 1 0.5 119 64.0  
F enla 1 e 2 1 11.3 46 24.7 67 36.0 
Subto ta l  2 7 14.5 87 46.8 7 1 38.2 1 0.5 186 100.0 

8 7/2 - 7/4 Elale 25 15.1 6 5 39.4 24 14.6 2 1.2 116 70.3 
Fenla 1 e 13 7.9 3 3 20.0 3 1.8 49 29.7 
Subto ta l  2 5 15.1 78 47.3 5 7 34.6 5 3.0 165 100.0 

9 7/7 - 7 1 8  Male 13 18.1 21 29.2 1 2.8 
I Fenla 1 e 13 18.1 23 31.9 
P Subtota l  13 18.1 34 47.2 . 2 5 34.7 
m 
I 

14 7/24 - 7/25 Male 
Fema 1 e 
Subto ta l  

16 7/31 Male 1 100.0 1 100.0 
Fe~na l e 
Subto ta l  1 100.0 1 100.0 

-- 



Appendix Table 3. Sex and age composition of chinook salmon commercial catches taken during the chinook 
salmon season, District 1, Yukon River, 1981. 

- 

1.2 - 1.3 1.4 1.5 Per iod  T o t a l -  
Pe r i od  Dates Sex No. % No. % No. % No. % No. % 

6/5 - 616 Male 
Female 
To ta l  

6/8 - 619 Male 
Feina 1 e 
T o t a l  

6/11 - 6/12 Male 
Fenra 1 e 
To ta l  

6/15 - 6/16 Male 
Fenla 1 e 
To t a  1 

6/18 - 6/19 Ma 1 e 
Fema 1 e 
Tota 1 



Appendix Table 4. Sex and age composi t ion of chinook salmon commercial catches taken du r i ng  t h e  f a l l  
season, D i s t r i c t  1, Yukon R iver ,  1981. 

1.2 1.3 1.4 1.5 P e r i o d  T o t a l  
Pe r i od  Dates Sex E. % No. % No. % No. % No. % 

6 6/22 - 6/23 Male 2 4 13.2 2 3 12.6 54 29.7 3 1.7 104 57.1 
Fenla 1 e 1 0.6 5 2.8 7 0 38.5 2 1 .I 78 42.9 
To t a  1 2 5 13.7 28 15.4 124 68.1 5 2.8 182 100.0 

7 6/25 - 6 /26  Male 30 28.3 16 15.1 17 16.0 6 3 59.4 
Fenla l e  7 6.6 34 32.1 2 1.9 4 3 40.6 
T o t a l  30 28.3 23 21.7 5 1 48.1 2 1 .9  106 100.0 

8 6/29 - 6 /30  Ma 1 e 12 30.0 6 15.0 6 15.0 1 2.5 25 62.5 
Fema 1 e 3 7.5 12 30.0 15 37.5 
T o t a l  12 30.0 9 22.5 18 45.0 1 2.5 40 100.0 

I 9 716 - 713 Ma 1 e 1 33.3 1 33.3 
P 
a3 

F enla 1 e 1 33.3 
I T o t a l  1 33.3 1 33.3 1 33.3 

10  716 - 717 Male 
Fema 1 e 
T o t a l  

11 719 - 7 /10  Male 6 35.3 2 11.8 5 29.4 
Fema 1 e 1 5 .9  3 17.7 
Tota 1 6 35.3 3 17.7 8 47.1 

12 7/13 - 7 /14  Ma 1 e 7 33.3 5 23.8 2 9.5 
Felna 1 e 7 33.3 
Tota l 7 33.3 5 23.8 9 42.9 



Appendix Tab le  5. Commercial ca tches of ch inook salmon f r o m  D i s t r i c t  1 ,  
Yukon R i v e r ,  19801 2 .  

P e r i o d  Cumulat ive  
P e r i o d  Dates To t a  1 T o t a l  

1 6/09 - 6/10 6,816 6,816 
2 6/12 - 6/14 23,771 30,587 
3 6/16 - 6/17 14,622 45,209 
4 6/19 - 6/21 26 , I  61 71,370 
5 6/23 - 6/24 4,487 75,857 
6 6/26 - 6/27 3,000 78,857 
7 6/30 - 7/01 3,578 82,435 
8 7/02 - 7/04 3,241 85,676 
9 7/07 - 7/08 838 86,514 

10 7/10 - 7/12 694 87,208 
11 7/14 - 7/15 389 87,597 
12 7/17 - 7/18 131 87,728 
13 7/21 - 7/22 45 87,773 
14 7/24 - 7/25 4 0 87,813 
15 7/28 - 7/29 20 87,833 
16 7/31 8 87,841 
17 8/04 5 87,846 
1 8  8/07 14 87,860 
19 811 1 2 87,862 

a 20 811 4 3 87,865 
' 21 8/18 - 8/19 6 87,871 

- -  

P r e l i m i n a r y .  

I n c l u d e s  d r i f t  and s e t  g i l l n e t  catches.  

Chinook salmon season th rough  6/24. 

F a l l  season th rough  8/19. 



Appendix Tab le  6. Commercial ca tches  of ch inook  salmon f r o m  D i s t r i c t  1 ,  
Yukon R i v e r ,  19811 '. 

P e r i o d  Cumulat ive  
P e r i o d  Dates To t a  1 T o t a l  

1 3  6/05 - 6/06 11,117 11,117 
2 6 /08 - 6/09 15,615 26,732 
3 6/11 - 6/12 14,483 41,215 
4 611 5 - 6/16 18,304 59,519 
5 6/18 - 6/19 28,519 88,038 
6 6/22 - 6/23 4,157 92,195 
7 6/25 - 6/26 2,901 95,096 
8 6/29 - 6/30 1,550 96,646 
9 7/02 - 7/03 1,178 97,824 

10 7/06 - 7/07 661 98,485 
11 7/09 - 7/10 342 98,827 
12 7/13 - 7/14 1 86 99,013 
13 7/16 - 7/17 9 7 99,110 
14 7/20 - 7/21 4 2 99,152 
15 7/23 - 7/24 1 4  99,166 
16 7/27 - 7/28 2 9 99,195 
17 7/30 - 7/31 1 8  99,213 
18 811 3 - 8/14 4 99,217 
19 811 2 - 8/18 2 99,219 

I 

P r e l  i m i  n a r y .  

I n c l u d e s  s e t  and d r i f t  g i l l n e t  catches.  

Chinook salmon season th rough  6/19. 

F a l l  season th rough  8/18. 



Appendix Table 7 .  Sex and age composition of chinook salmon escapements from lower Yukon t r ibu ta r i e s ,  
Yukon River, 19801. 

Coca t i on Dates Sex 
1.2 

No. % 
1.3 

No. % 
1.4 

No. % 
1.5 Per iod Tota l  

No. I No. % 

Andreafsky 8 /8  - 8/23 Male 16 23.9 27 40.3 4 6.0 47 70.2 
River  Fema 1 e 11 16.4 7 10.4 2 3.0 20 29.8 

Tota 1 16 23.9 38 56.7 11 16.4 2 3.0 67 100.0 

Anvik R ive r  817 - 8/15 Male 2 0 24.1 21 25.3 1 1.2 42 50.6 
Fenla 1 e 21 25.3 17 20.5 3 3.6 41 49.4 
To ta l  2 0 24.1 42 50.6 18 21.7 3 3.6 83 100.0 

Nulato River  815 - 816 Male 4 19.0 4 19.0 5 23.8 13 61.9 
Ferna 1 e 4 19.0 3 14.3 1 4.8 8 38.1 
To t a  1 4 19.0 8 38.1 I3 38.1 1 4.8 21 100.0 

Carcass samples unless otherwise noted. 



Appendix Table 8. Sex and age composit ion of chinook salmon escapements f rom middle Yukon t r i b u t a r i e s ,  
Yukon R iver ,  19801. 

-- 1.2 1.3 2.'3 1 .4  1 .5  Pe r i od  T o t a l  
L o c a t i o n  Dates Sex No. % No. % No. X No. % No. % No. % 

Chena R i v e r  8/11 - 8/20 Male  14 23 .0  15 24.6 
Female 15 24.6 1 1.6 16 26.2 
T o t a l  14  23.0 30 49.2 1 1.6 16 26.2 

Salcha R i v e r  8 /6  - 8 /15  Male 5 2 17.8 87 29.7 1 0.3 17 5.8 2 0.7 159 54.3 
Fenlale 44 15.0 8 7 29.7 3 1.0 134 45.7 
To t a  1 5 2 17.8 131 44.7 1 0.3 104 35.5 5 1.7 293 100.0 

Carcass samples unless otherwise noted. 



Appendix Table 9. Sex and age composi t ion o f  chinook salmon escapements f r om upper Yukon t r i b u t a r i e s ,  
Yukon R i ve r ,  19801. 

1.2 1.3 2.3 1.4 2.4 1.5 To ta l  
Locat  i o n  Dates Sex No. % No. % No. % No. X No. % No. % No. % 

Tatchun Cr .  9/ 7 Male 1  14.3 2  
Fema 1  e  
To ta l  1  14.3 2 

L i t t l e s a l m o n  9/2 Ma 1  e  1  50.0 
R i v e r  Fe~na 1  e  1  

To ta l  . 1  50.0 1  

B i g  Salmon .8 /29  - 8/31 Male 3  2.4 2 3  
R i ve r  Fema 1  e  2  7 

To t a  1  3 2.4 50 

2 
T e s l i n  R i ve r  91 1  Male 

Felna 1  e 
To ta l  

N i s u t l i n  R i ve r  9/2 - 9/4 Male 1  1.2 14 
Felna 1  e  2 1  
To ta l  1  1.2 3  5  

M ich ie  C r .  9/10 - 9/11 Male 2  50.0 1  
Fema 1  e  
T o t a l  2 50.0 1  

S w i f t  R i v e r  9/ 5  Ma 1  e  
Fenla 1  e  
T o t a l  

Carcass samples un less o therw ise  noted. 

Subsistence and s p o r t  ca t ch  samples. 



Appendix Tab le  10. Sex and age compos i t i on  o f  ch inook salmon escapements f r om  lower  Yukon R i v e r  t r i b u -  
t a r i e s ,  19811. 

-- 

1.2 - 1.3 2.2 1.4 7.5 T o t d l  
L o c a t i o n  Dates Sex No. % No. % No. % No. % No. % No. "/, 

Andrea fsky  R.  7/28 - 8 /11  Male 2 9 9.8 80  26.9 
Fenta 1 e 2 3 7 .7  
T o t a l  29 9.8 103 34.6 

Anv i k  R. 7/24 - 8 /12  Male 33 12.5 60 22.8 1 0.4 15 5.7 108 
Fema 1 e 1 0.4 36 13.7 116 44.1 1 0.4 155 
TO t a  1 34 12.9 96 36.5 1 0.4 131 49.8 1 0.4 263 

Nu la to  A .  7/28 - 815 Male  2 4.9 13 31.7 
Female 1 2.4 
T o t a l  2 4.9 14 34.1 

I 
cn 
P 
I 

Carcass samples un less o the rw i se  noted. 



Appendix Table 1 1 .  Sex and age composition o f  chinook salmon escapements from middle Yukon R i v e r  t r i b u -  
t a r i e s ,  1981 '. 

1 . 2  1 . 3  T o t a l  1.1  -- 1 . 4  - 1.5 2 .4  
% NO. % No. % NO. % No. % No. % No. % Locat i o n  Dates Sex No. 

C h e n a R .  8 / 1 1 - 8 / 1 2  Male 1 1 .O 1 ; .O 22 20.9 29 27.6 
Fenale 2 1 . 9  49 46.6 
Tota 1  1  1 . 0  1 1  .O 24 22.8 78 74.2 

Salcha R .  7/28 -8 /6  Male 
Fenla 1  e 
Tota l 

&I Carcass samples unless otherwise noted. 
Ln 
I 



Appendix Table 12. Sex and age composi t ion of chinook salmon escapements from upper Yukon R i v e r  t r i b u t a r i e s ,  
19811. 

- 

1.2 -- 0.4 1.3 2.2 1.4 2.3 1.5 2.4 2.5 To ta l  
Loca t i on  Date Sex No. % No. % No. % No. % No. % No. % No. % No. % No. % No. % 

Ta tchun 
Creek 8/31 Male 1 2.2 

Fanal e 
To ta l  1 2.2 

L i t t l e  Salmon 
R ive r  8/29-8130 Male 5 2.4 

Female 
To ta l  5 2.4 31 15.1 167 81.5 2 1.0 205 100.0 

B i g  Sal~non 
R ive r  8/22-8124 Male 

Fellla l e 
To t a  l 

Tesl i n  2 

R ive r  818 Male 
Fellla 1 e 
To ta l  

I 

N i s u t l i n  
I R ive r  8120-8124 Male 

Fellla l e 
To ta l  

S w i f t  
R i ve r  8126-8/27 Male 

Fenla 1 e 
To ta l  

Ross 
R ive r  8/25-8/28 Male 1 0.3 

Fema 1 e 
To t a  1 1 0.3 

Whitehorse 
Da~ri 7/22-8118 Male 6 2.6 

Fema 1 e 
Tota 1 6 2.6 

1 Carcass samples un less  o therw ise  noted. 

2 Spor t  ca t ch  samples. 

Fishway samples. 



Appendix Tab1 e 13. Escapement es t imates  o f  ch inook salmon f rom se l  ec ted  spawni ng t r i b u t a r i e s 1 ,  Yukon 
R i ve r ,  1980-1 981 2 .  

-- 
T e s l  i n  R i v e r  Dra inage  7 

Year ~ n d r e a f r k ~  Anvik  ~ u l a t o  * Chena S a l r h a  Tatchun N i s u t l i n  S w i f t  B ig  Salmon L i t t l e  Salmon Ross Whitehorse 
R i v e r  R i v e r  R i v e r  R i v e r  Creek R i v e r  R i v e r  R i v e r  R i v e r  R i v e r  Da~n R i v e r  

Spawning t r i b u t a r i e s  where ch inook salmon were sampled f o r  age, sex, and s i z e  data d u r i n g  1980 and 1981. 

Data ob ta ined  f r om a e r i a l  surveys un less o therw ise  i nd i ca ted .  Only peak es t imates  a re  1 i s t e d .  

East  and West Fork. 

Nor th  and South Fork. 

Foot survey. 

Pel l y  R i ve r  dra inage.  

F i  shway counts.  A e r i a l  survey of HcCl i n t o c k  R i v e r  (M i ch ie  Creek), t h e  major  spawning t r i b u t a r y  above t h e  
Whitehorse Fishway r e s u l t e d  i n  a count o f  535 chinook sal-mon. 

No count.  

Minimal counts due t o  ext remely  poor survey cond i t i ons .  

Side scan sonar es t ima te  5,574 f i s h  i n  East  Fork. Poor survey c o n d i t i o n s .  West Fork surveyed a f t e r  peak 
o f  spawning. 

S ide scan sonar es t ima te  2,306 f i s h .  



VARIABLES 

Appendix F i gu re  1. F i s h e r  weights  o f  t h e  t o p  ranked v a r i a b l e s ,  and those v a r i -  
ab l es  i nc l uded  i n  t h e  f i n a l  c l a s s i f i c a t i o n  model ( a r row) ,  
as determined f r om nea res t  a r l a l y s i s  o f  age 1.3 1  ower , midd le ,  
and upper Yukon f i s h ,  1980. F i s h e r  weights  a r e  expressed i n  
s c i e n t i f i c  n o t a t i o n  ( x  l o - * ) .  



VARIABLES 

Appendix F i g u r e  2. F i s h e r  we igh ts  o f  t h e  t o p  ranked v a r i a b l e s ,  and those 
v a r i a b l e s  i n c l u d e d  i n  the  f i n a l  c l a s s i f i c a t i o n  model 
(a r row) ,  as determined f rom nea res t  ne ighbor  a n a l y s i s  
o f  age 1.3 m idd le  and upper Yukon f i s h ,  1980. F i she r  
we igh ts  a r e  expressed i n  s c i e n t i f i c  n o t a t i o n  ( x  1 0 ' ~ ) .  



Y ARIABLES 

Appendix F i g u r e  3. F i s h e r  we igh ts  o f  t h e  t o p  ranked v a r i a b l e s ,  and those  
v a r i a b l e s  i n c l u d e d  i n  t h e  f i n a l  c l a s s i f i c a t i o n  model 
(a r row) ,  as  determined f r o m  n e a r e s t  ne ighbor  a n a l y s i s  o f  
age 1.3 l o w e r  and upper Yukon f i s h ,  1980. F i s h e r  we igh ts  
a r e  expressed i n  s c i e n t i f i c  n o t a t i o n  ( x  



VARIABLES 

Appendix F igu re  4. F i s h e r  weights  o f  the t o p  ranked va r i ab les ,  and those 
v a r i a b l e s  i nc l uded  i n  t h e  f i n a l  c l a s s i f i c a t i o n  model 
(a r row) ,  as determined f rom nea res t  ne ighbor  a n a l y s i s  
of age 1.4 Alaskan and upper Yukon f i s h ,  1980. F i she r  
weights  a r e  expressed i n  s c i e n t i f i c  n o t a t i o n  ( x  lo - ' ) .  



VARIABLES 

Appendix Figure 5. Fisher weights of the t o p  ranked variables, and those 
variables included in the final c lassif icat ion model 
(arrow), as determined from nearest neighbor analysis 
of age 1.3 lower and upper Yukon f i s h ,  1981. Fishe; 
weights are  expressed in sc ien t i f ic  notation ( x  10' ) .  



Y ARIABLES 

Appendix Figure 6. Fisher weights of the t o p  ranked variables, and those 
variables included in the final c lassif icat ion model 
(arrow), as determined from nearest neighbor analysis 
of age 1 . 4  middle and upper Yukon f i sh ,  1981. Fish5r 
weights a re  expressed in sc ien t i f ic  notation ( x  10- ) .  



VARIABLES 

Appendix F igu re  7. F i she r  we igh ts  o f  t he  t o p  ranked va r i ab les ,  and those 
v a r i a b l e s  i n c l  uded i n  t h e  f i n a l  c l a s s i f i c a t i o n  model 
(a r row) ,  as determined f rom nea res t  ne ighbor  a n a l y s i s  
of age 1.4 lower ,  m idd le ,  and upper Yukon f i s h ,  1981. 
F i she r  weights  a r e  expressed i n  s c i e n t i f i c  n o t a t i o n  
( X  1 0 - ~ ) .  
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For information on alternative formats for this and other department publications, please contact the 
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